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100 Summaer Street, Boston, Ma. 02110
September 14, 1976

Commanding Officer
Southern Diviaion
Naval Facilities Engineering Command

2144 Melbourne Street
Charleston, South Carolina 29411

Attention: Code 406

Gentlemen:

Test and Evaluation of a
Pilot Two-Stage Precipltator
for Jet Engine Test Celis
Contract N62467~74-C-0161

Attached 1is one copy of a letter from American Alr Filter Co.
authorizing reproduction of AAF Drawing 835-A which 1s contained in our

report ou the Pilot Precipitator Evaluation.

Very truly yours,

Coodl et e

D. G. Munson

DGM:bd
RN: 6183-003

Enc.

LA Raythaon Compan™ )'
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August 26, 1976

Mr. Jawmes A. Ferner

Project Manager

United Engineers & Constructors, Inc.
600 Park Square Building

Boston, Massachusetts 02116

Dear Mr. Ferner:

Permission {5 hereby granted to reproduce American Air Filter Company - 2
Drawing DEV-835A, in line with your request to our Mr. John Ashe,

Please b: sure that AAF receives credit for this drawing.
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100 Summer Street, Boston, Ma, 02110

April 26, 1976

Department of the Navy

Southern Division

Naval Facillities Engineering Command
Charleston, South Carolina 29411

I
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Gentlemen:

Test and Evaluation of an
Electrostatic Precipitator for —
Jet Engine Test Cells
Naval Alr Rework Facility -
Jacksonville, ¥lorida -
Phase II —~ Contract N62467-74-C-0161 frAAu/

We are pleased to subwit herewith our report on the Test and
Evaluation of a Two-Stage Precipltator used for Jet Engine Test Cell
Exhaust Gas Cleaning, The efficiency tests were conducted on a proto-
type of the precipitator installed at the Black Point Test Cell, Naval
Air Rework Facillity, Jacksonville, Florida.

We conclude that the precipitator wilill operate satisfactorily in

l the environment of the test cell exhaust stack and that its particulate

removal capability 1s comparable to that of the crossflow scrubber

concept now being applied to test cell exhaust gas cleaning., Capital

nosts for a precipitator gysatem providing this performance are estimated
I at $1.40-51.70 per ACFM of test cell exhaust flow depending on test

cell size. Direct operating costs are estimated at $65-5130 per engine
l test depending on englne size.

Should the overall owning and operating costs of the precipitator
concept compare favorably with those of the crossflow serubber, we
recommend that final performance testing of the prototype be completed
using the EPA Method 5 technique. This should be done prior to a decision
on full scale applicationm.

We wish to acknowledge the assistance and participation of T
personnel associated with the followlng organizations: o

B R o s e i et G o i

i

(& maytheon company |

T Sesibimeeienkianmiy. o



Department of the Navy , . . 2 April 26, 1976
Southern Divislon

Southern Division - Waval Facilitics Englueering Command,
Charleston, South Carolina

Naval Alr Rework Facility - Jacksonville, Florida

American Air Filter Co., Inc. - Louisgville, Kentucky

This report has been prepared under Naval Facllities Engineer.ng
Command Contract N62467-74-C-0161,

Ve;y ly yours,

q/ Lrwns] -

J. A, Ferner
Project Manager

| - N
Approved by: \]@H /;«(//37/7{/7;

J. H. Fullerton
Vice-President
General Engineering Division
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INTRODUCTION Yot ‘

linf ted Fnpgineers and Constructors Inc. was retained under

NAVFACENGCOM Contract N000025-72—C—00377to study available: means for the

abatement, of air pollution ceused by operation of Naval jet engine test

facilities The findings of the study,rissued in August 1973, were

J .

that the use of fuel additives, the retrofit of smokeless combustors

W wme mYmAT e tim e il

and the installntion of gas cleaning equipment were potential means of

controlling particulute emissions from the cells. Additives and smoke-

less conbustors were found to require additional development leaving
li exhaust gas cleaning as the only technology then available for emigsion
| control. A two-stage electrostatic precipitator was recommended as
_l the most viable alternative to & concept then being actively developed,
1 the cross-flow wet scrubber.

Due to lhe unique nature of the application and the high cost

of full-sized equipment, it was recommended that a bench scale precipitator

T T AT DR e EAU L A e i S - it M5 = b
i BBl e " P i -
o B b o i 1 " G g .

be tested to confirm performance and establish size parameters. Such a

prototype unit was subsequently installed at Black Point test cell No. 1,

m e e n
T
bl TR

- - Naval Air Rework Facility, Jacksonville, Florlida and underwent a sequence of
performance and operating tests under the supervision of UE&C.

i. ¥ This report summarizes the results of the test program and

provides data on the economics of applylng a full-scale system > a jet '%

E )
4

engine test cell, %;

o A
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OXCTION 1

SCOPE OF WORK

1.01  This report summarizes the results of the test program, offers

an evaluation of those results and discusaes their implicatlon with

i — — o

regard to the technical and economic feagibility of applying the two-

o

stage electrostatic precipitator to test cell exhaust gas cleaning.

specific objectives of the test program were as follows:

2
[

- Confirm that the eguipment will operate satisfactorily
in the environment of the test cell exhaust stack.

« Establish the maximum gas velocity and minimum field

F- : - depth at which the equipment will meet performance

requirements,

- Document equlpment performance using source testing

: :MWMWMWWM

el 0

techniques established as acceptable by the Environmental
Protection Agency for the particular source application,

;% L These techniques are also identical to those used in

3 testing the cross-flow scrubber concept and thereby

L

W, il

should produce results which are directly comparable.

e
)
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- lkstablish operating cost parameters for the equipment.

{ _ - Establish capital cost parameters for equipment.
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SECTION 2

SUMMARY AND CONCLUSTONS

<01 Sunmnary

2.01.,1 Gas sampling tesls were conducted on a prototype two-
stapge precipitator installed to clean a portion of the exhaust geses {rom
Black Point Cell No. 1 at tue Naval Air Rework facility, NAS, Jacksonville,
Florida. The purpcse of the test program was lto determine the feasibility
of full scale application of the precipitator concept to jet engine test
cell exhaust gas cleaning,

2.01.2 Equiprnent testing proceeded in three phases:

- Tests at various exhaust gas throughputs using the
equipment menufacturer's standard uicst method, These tests were conducted
for the purpose of establishing design parameters for the equipment.

- Tests at the established design gas throughput using the
standard EPA Method 5 test procedure. These tests were conducted for the
purpose of documenting equipment performance using test techniques acceptable
to regulatory authorities., A second test team, using Aifferent test equip-
ment and procedures, performed simultaneous tests in order to obtain
correlation between test techniques.

- A repeat of the manufacturer's tests followina a period

of sustained operation of the equipment, The purpose of repeat testing
was to detect any degradation in equipment performance with use.

2.01.3 Results of the initial series of tests performed at the

established design conditions are summarized in Table 2-1.

AT TT D 4 5o Tl s s e L
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S TABLYE 2,1
ﬁ Test i Tegt | Inletv Outlet Efficiency
Datez | Methods Concentration Concentration (% Removed)
i : (GR/DSCF) (GR/DSCT)
=T
hh=14=175 l MPg's. Test | 41-43 X 1074 b X 107" 91-93
&
I 4=15-75 | Method
L —_
|
E' 4=17~75 ; y
& TPA Method 5 | 32-73 X 107" 12-35 X 107" 51-65
A=18-175
i o - _
4-17-75 | Modified EPA | 8-9 X 107" 47 X 107 17-55
& inlet; beta
! 4~18-75 | analyzer 1
,  outlet % "
1 *Conducted concurrently with EPA Method % tests. .

2.01.4 Testing of the equipment utilizing the manufacturer's
standard method indicated no degradation in equipmert performance after
approximately 5 weeks of normal operation. Degradation tests using the ‘ <§£
EPA Method 5 have not been conducted to date due to nonavailability of the :  ;»

test cell.

L 2.02 Conclusions. ‘ |

1} 2.02.1 The two~stage precipitator will operate satisfactorily -
in the hot wet environment of a jet engine test cell exhaust stack. A mist
eliminator should be installed upstream of the equipmeut to prevent liquid
carry over [rom the evaporative cooling system,

2.02.2 The lack of correlation in the results of equipment

efficiency testing using the manufacturer's procedure and the EPA Method 5

caeem attributable to inherent differences in the test melhods since data

obtained on multiple runs using the same techinique are in falr agreement.

T LTINS TE & & Ty et e =
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In detormining complianee with air pollution repulations, the FPA Methad 5

datn chould be weed sloee thils doba wan obtained uaing equipment and procedures

speclified by mout repulatbory authoritien.

S 4 The parbiculabe removal efficlencies of Lhe bwo-stage
precipitator nnd the ceeosg-flow serubber arve similar.  The precipltator
removed an nverape of 59% of the incoming particulate according to the EPA
Marthod 9 Lesls. The crose-flow scerubber exhibited a 55% average removal
s icicney during an extensive aeries of Lests conducted in conjunction
with nn earlicer test propgram, The latter Lesting ulllized the same engine,
test configuravion and methodology as the precipitator testing. Both

eifffeieney gures refer to the particulate removed In the control equipment

proper and do not include removal by the spray system, On the basis of the
above comparisons, bhe performance of the precipitator appears to be at
Teast equal to that of the crogs-flow scrubber.

3.02.4  The combined efficiency of the evaporative cooling system,
which acle an a prescrubber removing 50-60% of the particulate emission, .
and the two-stape precipitator averapged 86% on the three EPA Method 5 tests.
Emiseions leaving the equipment were weli below any established standavd.

2,025 Capital eosts for a pollution abatement system incorporating
the preclpitetor concept would be on the order of $850,000 for a 500,000
ACEM nyabem or $1,090,000 for a 1,200,000 ACHM system based on a 500 FPM
desipn veloeity.

2.02.6 0 Annual operating costs for e pollution abatement system
incorporabing the precipitator concept can be on the order of $32,000 for
a0 500,000 ACHM aystem testing 500 J~79 engires per year or $65,000 for

a 1,200,000 ACFM system testing 500, 350 lb/sec engines per year.
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2.03 He comiendation

2.03.1 The prototype precipitnter and test cell duct is still In
place at the Black Polnt Test Cell, lowever, the test cell stack has bLeen
extenuively rebullt without provision for the test duct penetratlon and
thus additional work would be required prior to resumpllon of the testing.

The results of the initial testing with EPA Method 5 procedures
indicate that the two-stape precipitator and the cross-flow wel scrubber
are comparable from the standpoint of performance, We (eel that the next
logical step should be a comparison of the capital and operating costs
of the two systems. Costs associated with the two~stage precipitator
concept, estimated on the besis of parameters developed durlng the test
program, are given in thisg report for two test cell sizes., Cost factcrs
for the cross-flow scrubber should he available from the systems now being
installed at the Jacksonville and Norfolk Naval Alr Rework Facilities.

Should life cycle costs of the precipitator concept compare
favorably with those of the wet scrubber, final performance testing of the
prototype should be completed to document performance to the satisfaction
of regulatory authorities.

2.03.2 It is evident that te st cell exhaust gas cleaning will be
an expensive proposition regardless of the type of control equipment
installed, Continued work on alternative measures, fuel additives in the
near term and clean burning engines In the far term, is certainly warranted.
Application of exhaust gas cleaning should be limited to specific cells

scheduled- to test older englnes which, for reasons of performance, cannot

use fuel additives.
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SYCTION 3

DLSCUSSION OF 'IHGT PROGHAM

AND PROCEDURES

The test program was dlvlided into f'ive phases which arce

sumarized below and outlined in detail in Reference 4.

3.01 Phase I - Manpower and Equipnent Scheduling - Two test teams took

part in the program, One team, gstoaffed by American Alr Filter Inc. the

supplier of the prototype, calibrated the exhaust gas draw-off apparatus

and performed the type "A" tests described below. A second team, staffed

} . by Jacksonville Naval Alr Rework Facility persomnel, performed the type

; v "B" tests also described below,

‘ A third test team, staffed by personnel from the Aircrafi

; Environmental Support Office of the Naval Environmental Protection Support

Service (NEPSS), conducted tests simultaneously with the type "B" tests.

Thege tests were not a part of the NAVFAC test program but Wwere run for | =g

the purpuse of comparing results obtained by the NARF Jax team with those

: obtained by the NEPSS team which used a different type of sampling

f}’ : equipment,.
. ?i 3.02 Phase II - Equipment Checkout and Pretest Calibration - The ]
'»ﬁ pretect calibration phasc conslsted of calibrating the venturi section

differential to Lhe exhaust gas {low through the teat system as measured

i by a pitot tube traverse. The venturi reading would then be used to

compute gas flow rate during the type "A" testing to determine optimum

! velocity.

The procedure, as originally constituted, called for the
i utilization of a throtlling damper installed at the outlet of the prototype

to vary gas [low. Illowever, the unexpectedly high kinetic energy of the




I

exhauat pay entering the tent duct rendered this procedure unworkuble

DIy

due to the inabllity of the ductwork to contaln the gtatlec pressure developed
by the throttling action.

As a result of the above, 1t was necesanry to vary the gas flow
rate through the test duct by means of varying the orifice area at the
inlet ot the duct section. New pltot tube traverse holes were drilled
in the 1 ft. x 1 4. sections of the duet upstream of the venturi section
In order Lo produce hipher and therefore more accurate veloelty head
readings. Four calibration runs were performed using orifice areas of
12 in.%, 18 in.”, 24 in.? and 36 in.2. The orifice area vs gas flow
relationship provied to be llnear producing test flows of 2517, 3826, 4732
and 7334 ACFM respectively.

3.03 Phage II1 - Initlial Performance Testin& - This phase of the test

program, conducted during the period of April 7-18, 1975 and June 4-6,

1975, included both type "A" and type "B" efficiency tests. The type "A"

testing served the dual purposes of establishing equipment compatibility

with the test cell exhaust gas and determining the maximum exhaust gas

throughput velocity at which the unit would operate with a satisfactory

i

collection efficiency. The type "B" tests were conducted to document

equipment performance and, additionally, to provide data which could be

A AL AL O

directly compared to data accumulated during a previous test program

associated with the cross~{low wet scrubber prototype.

PEE e e e e

3.03.1 Type "A" Test - A total of eight (8) type "A" tests were :

s s s

run during the initial performance phase. The type "A" tests utilized :
American Alr Filter's standard test procedure which called for single-point %1
sampling nt the inlet and outlet of the prototype. The average velocity

through the ductwork (as de..rmined by the pretest calibration runs) was




used Lo establish sampling rates whilch would approximate isokinetic
condlitions at the sample probe nozzle.

Tests were conducted at ench of the four operating points
corresponding to pgas velocitles of 172, 262, 323, and 501 FPM through the
protolype. Unit eff'iciency was calculated after each run utilizing NARF
laboratory facilities., Using 90% by weight collection efflciency as
performance eriteria, the maximum allowuble velocity through the prototyvpe
was established as approximately 500 FPM.

3.03.2 ‘lype "B" Teats - A total of seven (7) type "B" tests were

run during the initial performance phase. Three tests were performed
immediately following the type "A" tests and utillzed the same J-79 engine.
The remaining tests were performed approximately six (6) weeks after the
initial tests.

The type "B" tests allowed computation of both particulate
removal by the prototype and particulate removal by entirainment in the
unevaporated portion of exhaust gas cooling water. The standard EPA (3)
Method 5 procedure was utilized to determine particulate removal from the
gas stream. A 20-point grid was sampled at the inlet and outlet of the
unit with sample flow rate adjus.wzd at each point to produce isckinetic
conditlons at the probe nozzle. Both solid and liguid particulates were
collected and recorded., Particulate removal by water entrulnment was H

determined by establishing the drain flow rate and concentration of

particulaleg in the effluent, This concentration was then multiplied by
the ratio of drain flow rate to exhaust gas f{low rate to obtain a number

comparable to the gas stream samples,

ﬁ'ﬂw’ﬂmﬁﬁﬂ%ﬂmmﬂmm: il
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The procedures used in the type "B" testing conducted
by NARY personnel duplicated those used by the aame persomnel in testing
the wet crossflow scrubber model (2).

3.03.3 NPESS Tests - The NEPSS tests were conducted concurrently
with the type "B" tests run April 17-18, 1975. Inlet sampling was
conducted using an Aerotherm high volume EPA Method 5 particulate sampler
which is simllar to a standard FPA train that has been scaled up in size
to allow hipgh volume sampling. Outlet sampling was conducted using a
Lear Seipler PM/Argos I continuous particulate mass emission analyser.
This device measures the attenuation of beta 1adlation by particulate
collected on a filter bape and converts this to a measure of the particulate
mass.

3.04 Phage IV - Normal Operating Runs - The purpose of this phase of

the program was to obtain an indication of equipment durability under
normal operating conditions. The prototype was operated during normal

engine testing sequences between the dates of June 6, 1975 and July 13, 1975.

3.05 Phase V - Final Performance Testing - Performance testing was

conducted following the normal operating period in order to detect any
degradation in equipment performance with time. Two type "A" tests were
run on July 15, 1975 at the design velocity of 500 FPM through the
preciplitator. The performance indicated by these tests was essentially
the same as that indicated by the initlal service of type "A" tests.

This phase of the test program also called for additional type "B"
tegting in order to obtain "degradation" data uslng testing techniques
accephable to pollution control authorities. However, to date, the Black
Point cell has not been avallable to support such tests due to the heavy
schedule of production engine tests and extensive modification of the test

cell stack.
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SECTION 4

RESULTS OF EQUIPMENT TESTING

4.01  Equipment Relimbility - In general, the equipment proved capsble

of opersting satisfactorily when handling the test cell exhaust gas.
Several operating problems did, however, occur during the course of the

test program indicating design modifications recommended below.

4.0L.1 Excessive Arcing ~ The location of the exhaust gas draw-

A

of{ duct was such that a large amount of cooling water was entrained in

the gas entering the prototype. This caused a substantial amount of

arcing within the precipltator. Excessive arcing is detrimental to I:q;;
; R equipment operation in three ways:

i . (1) Short circuiting occurs between collecting plates thus
reducing the effective strength of the electrostatic
field between plates. Since it 1s this fleld that
forces the ionized particulates towards the collecting

" ‘ plates, the overall effect of reducing the strength

ki,

of this field is reduced particle deposition and
reduced collection efficiency.

!
i (2) Average electric power consumption is increased and !

?_ ’ high peak power inputs induced by the short ecirculting

are encountered. -

%4;5 !5 (3) The power peaks occassionally cause the circult protection

bl “l‘““‘h,u‘

TR

equipment contained in the precipitator control units

to shut the equipment down.

Ty
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Although entrained moisture should be less of a problem at

SRR
L

the top of the test cell stack, 1t 1s recommended that any full scale

)
b0 B

installation be equipped with a mist eliminator upstream of the precipitator.

s
=
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4.01.2 Failure of Hiph Vollape Leads - Early in the test propram

during the veloclty callbration runs, the equlipment was tripped off the
line several times due to failure of the insulation on the high voltage
wiring supplying the ionizing and collecting electrodes. All failures

occurred inside the precipitator casing where the wires were exposed to

appreclable moisture.

The equipment was rewired using wire with a better grade of

.o g L o

insulation (silicon-insulated) and no further problem wau experienced. It

is recommended that the high grade wire be specified for any full-scale

GG i, oo

installation. -3

4.01.3 Power Supply and Voltage Control Components - A diode in

one of the power pack assemblies failed during the initial testing phase

No other problems were experienced with power pack components throughout

the duration of the test program.

4.,01.4 lonizer Wire Breakage - Two high voltage (12 kV) ionizers 7
failed during the second series of type "A" tests. Replacement of ionlzer -2

wires is an item of routine maintenance discussed in Section 5.

4,02  Equipment Collection Efficiency - Results of the type "A" and "B" tests

are summarized in Table 4,1, Raw test data and details of test and data 3
reduction procedures are given in Appendix A-1 for the type "A" tests and é

in Appendix A-2 and Reference 2 for the type "B" tests. NEPSS test results ;

are reported separately in Reference 5.

4,02.1 Type "A" and "B" Tests - Type "A" tests run between April 9

and April 14 established a maximum operating veloclty through the unit at

I
%amﬂhﬂhmu AT sl

50 FPM for a collection efficlency of approximately 90% and two collecting

!: and was replaced. Fallure was apparently due to a manufacturing defect. g ;
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banks in series. Hlighest efficiency points were experienced at velocitles
in the 250-350 FPM range which was the anticipated deusipn velocity range
of the equlpment. [However, it was found that velocity could be increzased

to the 500 FPM range before effieclency fell off to 90%. The test of

April 15 was run at 500 IFPM with only one of the two seriles fields in
service and indicaled an efficiency of 78%. Hatloing thils performance to

the two-{icld performance, it was deduced that a single field in series ~ _'ff

would not meet performance criteria at any of the velocities tested. On
the basis of the serieg of tests, equipment rat’ was determined by the

manufacturer to be as follows:

Face velocity: 500 FPM L g
Field depth: Two cells .
Efficisncy: 0%

=
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Type "B" testing conducted on April 17 and 18 indicated markedly
lower efficiencies than the type "A" testing. Calculated precipitator

efficiencies ranged from 51.1% to 64.9% averaging 59%. Total system

efficiencies, which reflected particulates removed by spray water, ranged
from 77,8% to 90.7% averaging &6%.

The data from the type "A" {ests can be compared to the type "B"
test data for the air sampling (Note 3 in Table 4.1), since both reflect
particulate removal in the precipitator only, Inlet concentrations on the

-4

type "A" tests ranged f{rom 18«45 x 107" GR/DSCF which seem to be in reasonable : ':é

agreement with the type "B" tests which had readings of 73, 39 and 32 x lO'4

T e e

GR/DSCT respectively. The principal differences in the data appear Iin the

outlet concentrations. The type "A" data indlcates 3-4 x 10'4 GR/DSCI

(4-14-75 runs only) while the type "B" data shows markedly higher concentrations

43
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ol 12, 13 and 3% x 10"4 GR/ISCF.  Since testing was performed under essentially
identical conditions, the differences in data apparently stem from the
different testing techniques and equipment.

Since the type "B" tests utilive techniques accepted by

the EPA and most local authoritles and thereby will form the basis of
documented equipment performance, NARF personnel undertook to conduct
additional teste for the purpose of confirming the initial results. These
teats were not run until June 46, 1975 due to engine testing requirements
and mechanical problems with the Black Point cell,

The June 4 test Indicated a precipitator efficiency of
-80%. A cubsequent test performed with only one field energized indicated
an efficlency of -23% and two tests conducted with all power off indicated
efficiencies of -25% and -19.6%. All tesﬁs were run with a J-52 engine
as a pollution source in lieu of a J-79 engine.

Subsequent to the June testing, it was learned that during
the interim period between the April and June tests, the blank-off plate
which was installed at the sampling duct inlet had become dislodged. This
allowed particulote-laden engine exhavst gas to pass through the prototype
during normal engine production testing. Prolonged exposure to these
exhaust gases could result in particulate buildup on the collecting plates
to a point where they would begin to be re-entrained in the gas passing
through the unit, This appears to be the only plauslble explanation for
the negative efficlency readings which are indicative of more particulute
leaving the prototype than entering, Since normal operation of the prototype

would encompass a washing cyele which would prevent particulute buildup on

the plate, the June 4-6 data cannot be considered representative of equipment

performance.
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The final type "A" tests on July 1%, 197, were run after the

prototype had been exposed to exhaust pgages rosultant from normal enpine
testing for a perlod of sbout 5 weeks, Two tests were run at design flow
rate and indlcated the same approximate level of performance ag the inltial
test runs (897 efficienvy ).

As was mentioned carlier, a final series of type "B" tests
were Lo be performed in this phase of the program, However, due to
ungvailability of the test cell, these tests have yet to be undertaken.

_ 4.02.2 NEPSS Tests = The NEPSS tests were rmin concurrently with
the type "B" tests of April 17-18, 1975. Inlel concentrations measured

with the high volume EPA Method 5 train all measured in the range of 8-9 .

L

X 10'4 GR/SCF. These concentrations are substantially below those recorded
in either the type "A" or "B" tests.

Other concentrations measured with the beta attenuation mass
analyzer ranged from 4 to 7 x ]_O_4 GR/SCF. These values are below those

1 recorded in the "B" tests and slightly above those recorded in the "A"

tests, Overall precipitator efficlency caleulated using the inlet and

outlet concentrations averaged 38% ranging from 17% to 55%,

o -

T 4,03  Compliance with Emission Regulations - No specific emisaions
I
+ standards have been established for jet engine test cells; however, a
ki number of standards exlst which are broad enough in scope to be considered
) applicable (l). The most stringent of these regulations ie the San Diego ?
3: Air Pollution Contrel District Regulation limiting total particulate 1
A emissions (solid and liquid) to 0.1 GR/SCF with gas volume artifically ;?
' g: corrected to a 12% 002 level. For JP-5 fuel, this 1s equivalent to G.175
% i lbs/].()6 BTU heat input. Using this emisgion rate as criteria and with

available test data indicating particulate emissions in the range of 1.0




Lo l.}llbm/106 BTY, the requirement Cor a Y07 efficlent abatement system
was established.

Particulate emiugions measured on the inlet glde of the precipitator
were an order of magnitude lower than those reported in previous test
datn., Inlet particulate loadings ranged from 0.04 1bs/106 BTU to 0.09

lbs/l()6 BTU in the type "A" tests which measured only solid particulates

in the gas stream and from 0.24 1bs/106 BTU to 0.33 lbs/lO6 BTU in the

type "B" tests on the J-79 which measured tntal particulates in both the

gag and water streams., The emissions on the outlet side of the precipitator

ranged from 0.002.1bs/106 BTU to 0.017 lbs/lO6 BTU in the type "A" tests

and 0.025 lbs/l()6 BTU to 0.073 lbs/l()6 BTU on the type "B" tests. Thus, on -

all tests, emissions were below established standards. :
It is not known where emissions from the test engine fall relative

to emissions from the entire family of turbojet and turbofan engines. If

the average efficiency for the initial iype "B" tesls of 36% is used as

being indicative of system performance, th: combined spray and precipitator

systems would allow testing of engines emitting up to 1.25 1bs/lO6 BTU

without exceeding the San Diegr Regulation.

4,04  Comparative Performemce - Precipitator vs. Crossflow Scrubber - Both

the proposed precipitator and ciosaflow scrubber system designs use a water
quench to cool the test cell exhaust gases prior to treatment. This

spray system acts as a prescrubber by entraining and removing particulate
from the gaces bhefore they reach the control equipment. The type "B" tests,

which measured particulate contained in the duct drains upstreem of the

T __v o '
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precipitator and related them +to the pas sampling data, indiceted that Crom ;

55-70% of the total particulate was removed in this fashion. Identical tests

4 - 6
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run on oo model erosaflow gerubber und Lhe game J-79 enpine during the
period of November, 1973 to February, 1974 indleated approximately 60%
removal in the same quench system,

A comparison of the pas sampling data which 1ls representative of

the particulate removed in the control equipment alone, indicates an
averapge collectlon efficiency for the precipitator in the three type "BY
tests of 959% (range 51.%% - 64.9%) and un average efficiency for the cross-
{'low scrubber of 55% (range 45% - 65%)(2). Overall efficiency of the two
systems computed on the basis of spray water and control unit removal
averaged 86% for the precipltator and 78% for the crossflow scrubber.

On the basls of the above data, the performance of the two systems
€ppeary comparable,

4 .05 Power Consumption - Power supply to the prototype was monitored at

periodlc intervals during testing. Excessive peaks were encountered with g%
input current ranging from 4 to 8 amps at 120V AC and averaging approximately

6 umps, Average power input was, therefore, approximately 432 watts (.6 PF)
or 0,059 KW/L000 ACFM. The power input was no doubt increaseu by the large 3

amount of entrained moisture entering the unit. This effect should be ;-

rectified by the installation of the moisture eliminator discussed earlier,

4,06 Preclpitator Wash Schedule - The precipitator was washed at the :

completion of the type "B" testing. Cycles with and without detergent
addition were run resulting in the recommendation by representatives

of the manufacturer Lhat ustergent addition be included as part of the
wash cycle, Observation of the enllecting plates after washing indicated
that they remainesd discolored (black) hut no excessive build-up of

unremoved particulate,
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On the buals of experierce during the initial testing phase, a
gchedule of one wash per week was established as a trial procedure for
the inéerim phase of the test program where the prototype would be operated
during normal production testing of engines. Unfortunaotely, the schedule
was not rigorously followed during the interim perlod and thus no reliable
data wag obtalned relative to the adequacy or inadequacy of washing.

In the abgence of field data, the precipitator manuf'acturer was
consul ted regarding his experience with simllar installations. Tt 1s their
estimate that with particulate grain loadings in the range experienced
during teating, the flrst collecting field would require washing once per
40 hours ol operatlon and the second field once per 160 hours of operation.
This information must he regarded as approximate, however, due to the
unigueness of the applicatilon,

The frequency witl which the precipitator must be washed 1is
heavily dependent on the emission factors of the engines tested. Since

these factors can vary widely, washing schedules will vary widely depending

on the engines tested.
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SECTLION &

FULL~SCALE SYSTEM DESCRIPTION AND ECONOMICS

5.0L  System Description - Design of a full-scale pollution abatement

agystem for a partleular cell would he tailored to the requirements of

the engines tested. DBasic system components are illustrated in Figure 5.1,
5.01.1 VPrecipitator - The precipitator has five major components:

entrained moisture eliminator, fields, washer assemblies, power control

cabinets (power packs) and washer control cabinets. The moisture eliminator

is of the vertical multi-pass louver design extending across the entire

face of the precipitator. The louver will also serve to distribute the flow

P e e

of incoming exhaust gas. The precipitator flelds are comprised of a
number of individual cells stacked in vertical (modules) banks perpendicular

to the direction of gas flow and supported in a structural frame. Each

o Verd s bes eef Sag HR BN W W

cell has dimensions of 36" wide, 14" deep and 16" or 20" high. Modules

can be configured to suit the stack dimensions of a particular application.
Fach horizontal row of cells receives an independent power supply (two

leads - 12kV and 6kV) which is connected to the outside cell in each row,

Tl
L

Interior cells are energized by means of contact strips attached to each

cell. The power to each cell is controlled by remotely mounted power packs

e

which consist of transformer, rectifiers, voltage control and circult

protection, Input to the control cabinets is 120V AC single phase and

output is 12,000V DC (ionizing fields) and 5800V DC (collecting fields).
The modules containing the precipitator fields will be
arranged two in series in the direction of gas flow, Washer assenblies

are located on the inlet side of each module. ZEach washer assembiy is

Bl Seimi e s

approximately 4'-0" wide and extends the full helght of the module. During

[




the wash eyele, three rotatlng spray nozzles make four vertical pasgses over

the entlire helpght of a four foot wlde section of the module., After four
pasonn, the agsermbly indexes along a horlzontal track to the next 4'-~-0"
sectlon and repeats the process until one complete horlzontal pasa is made.
The nozzles travel at a speed of 6 ft/mln In the vertical direction and
consume 15 GPM while in operation. Cleaning detergent will be added at a
rate of 1/2 GPM during the first itwo vertical passes via a separate pump.
Washer agsembly travel, water supply and detergent supply are automatically
controlled from a remotely mounted control cabinet,

A1l components in contact with the exheust slream are
enclosed in a gas tight casing top, bottom and sides., Access doors are

‘provided on each side of the washer ussembly cavity for inspection and

maintenance.

Tgure 5.2 illustrates the general arrangement of components.

Fach 25' X 12' section would be furnished with individual inlet plenum

and stack and appropriate turning vanes for gas distribution as determined by

a pre-design model study.

5.01.2 Evaporative Cooling System - Test cell exhaust gases would be

cooled in a marmer similar to the cooling systems ncw in service in
cells which test after-burning engines, Components include a serles of
spray rinps located in the augmentor tube and the base of the test cell
stack, control valves for modulation of spray water supply to minimize
over apray, spray water pumps and water storage tank.

5.01.3 Water Reclamation System - Excess spray water and the

drains from the precipitator wash cycle flow by gravity to a collectlng

sump where they are pumped to a holding tank designed to provide surge

capacity for the relatlively large amount of overspray during the after
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burner tesis. From the holding btank the alurry is pumped through a pressure-

leal {ilter where suapended partlculates are removed and then back to the

storage tonk for reuvge. Water from the wash cycle, one half of which would
contain a blodepgradable detergent, would be discarded.

5.01.4 Solids Removal and Recovery - Solids are removed from the

overspray and wash water by direct f1ltration., This is a relatively

expensive method of solids removel but due to its compactness is suited to

the ground space limitatlons around existing cells. The filter medium

ig a series of vertlcal hollow leaves coated with a filter aid. A mixture of
particulates and filter aid are deposited on the outside surface of the
leaves forming a cake. Collected particulates are removed on an Intermittent
basis by evacuating the filter, alr dyring and vibrating the leaves which
deposit the dry cske on a continuous conveyor for collection.

5.01.5 System Controls -~ The system would operate-automatdcally

during the engine test. Operator action would be required in the following

areas;

~ Turn on power to equipment prior to engine test.

Remotely monitor (ennunciator) systems during test.

1

Initiate and monitor precipitator wash cycle,

Inltiate and monitor collected particulate remuial

from pressure leaf filter and returning of filter

to service.

¥-

A typlcal arrangement of system components is 1llustrated in Figure 5.3,

ol

5.02 Capital Cogts - The cost of installing a two-stage precipitator,

evaporative ccoling system and sludge removal sysbem capable of handling %
=
5
550,000 ACTM of test cell exhausl gas is estimated to be $850,000. ;%-
3
This size installation would be large enough to handle a J-79 (180 1b/sec) ;g

%
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engine with after burner or u TF30 (250 1b/sec) engine without after burner.

Estimated cost of a larger system capable of handling the
1,200,000 ACFM of exhaust which would result during test of a 350 lb/sec
turbo fan engine in after burner 1s $1,690,000. Cost breakdowns are
gshown In Table 5.1,

The basic precipitator for the 550,000 ACFM unit would consist of
elght (8) modules each 24'-8" wide by 12'-0" high. On a test cell with the
stack configuration of those at Black Point, these modules would be arranged
one wide, two high and two deep (in direction of gas flow) on two sides of
the stack. The 1,200,000 ACTM unit would require sixteen (16) modules
24'-8" X 13'-0" arranged two high and two deep on all four sides of the stack,
The foregoing represent two arrangements of precipiltator surface which appear
workable. Module dimensions and physical arrangement can be varied to
suit stack cenfiguration and ground space availability at particular cells.

5.03 Operating Costs ~ Estimated operating costs for the pollution

abatement systum are summarized below for the areas of coansumable utilities,
consumable material, maintenance and operating labor.

5.,03,1 Consumable Utilities - The overall cost of utilities will

vary considerably with the size and type of engine tested and the test
duration due to the large cost impact of the evaporative cooling system.
Table 5.2 summariges estimuted utilities consunption and cost for a J-79
engine with after burner representative of the 500,000. ACFM cell and a
hypothetical 350 lb/sec engine with after burner representative of the
1,200,000 ACFM cell. The bagisg for quantitiés llsted in Table 5.2 is given
in Appendix 3.

An additional utility would be compressed air for drying
the pressure Tilter prior to cleaning. This would amount to approximately

10,000 SCIF per cleaning: approximate cost = $2.,00.

5 - 4
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TABLE 5.1

CAPITAL COST OF TEST CELL POLLUTION ABATEMENT SYSTEMS

550,000 ACFM 1,200,000 ACFM

Precipitator agsembliesg Incl,
cells, washers, moisture
elimlnator, controls, support
frame, casing, breechlng and
stacks.

Evaporative cooling system incl.
water storage tank, spray pumps,
plping, nozzles and controls.

Water reclamation sysiem inecl.
sump pump, surge tank, slurry
pumps, piping and controls.

Pressure-leaf filter assy incl.
fliter, supports, precoat
tank and piping.

Electrical work inecl. power
transformers, motor controls,
lighting and wiring.

Civil/structural work inecl,
site work, support steel,
wallkways, equipment slab and
control building.

$474, 200 $1,112,600

$ 71,900 $ 133,000

$ 26,500 $ 40,200

$ 65,800 $ 65,800

$ 92,600 $ 134,400

$118,900

R==1

2(;)4 ,400

TOTAL CAPITAL COST

$849,900 $1,690,400

Prices include markups as follows:

Omissions and Contingencies - 15% on
all items except precipitator and
pressure filters.

Contractors OH&P - 21% on all items.

General Contractors OH&P - 5% on
structural and electrical totals,

R
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TABLE 5.2

UTILITIES CONSUMPTION AND COST PER EMGINE TEST

J=-79 w/AB 350 1b/sec w/AB
Source Consgumption Cost, Consumption Cost
POWER Precipitator 56 KWH $1.68 146 KWH $4.38
Energization
@ $0.3/
KWH Evaporatlve 66 KWH $1.98 143 KWH $4.29
Cooling Pumps
Spray Reclamation 2.3 KwH $0.07 4.3 KWH $0.13
Pumps
Precipitator 0.3 KWH $0.01 0.9 KWH $0.03
Washer*
‘TOTAL POWER 124 .6 KWH $3.74 294 .2 KWH $8.83
WATER Lost Through
Evaporation 28,800 Gal. $10.08 64,500 Gal.| $22.58
@ 3.35/
1000 Gal. Discarded wash 363 Gal. $ 0.13 856 Gal. | $ 0.30
Waterkx
TOTAL WATER 29,163 Gal $10.21 65,356 Gal, | $22.48

¥Precip Washing Power: J79 - 4.6 KWH/Wash
16 Tests/Wash

350 1b/sec -~ 14.1 KWH/Wash

T6 Tests/Wash

¥#Discarded washwater: J79 - 5800 Gal/Wash
16 Tests/Wash

350 1b/sec - 13700 Gal/Wash

16 Tests/Wash
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5.03.2 Conuumoble Material - Recurrlng consumable items include

deterpgent for the precipliator wash cycle and fllter ald for the pressure
filter system.

The material required for the {ilter ald will fluctuate
wldely depending upon the amount of particulates filtered and the ratio
of filter old to particulate which must be maintained to provide a porous
cake. The amount of particulates collected will be proportional to the
emlssion factors (e.g. dirtiness) of the engines tested. These values
apparently can range from the 1.0-1.7 1bs/106BTU reported by previous
alir pollution tests(l) to the 0.16-0.24 lb/lO6 BTU experienced in the
Jacksonville tests. Ratio of fllter ald to particulate required can
range from 0.1 to 1.0 1b F.A./1b particulate. This ratio is empirically
derived for a particular installation.

A preasure leaf filter with 800 sq.ft. of filter surface
could collect approximately 1400 1lbs of particulates between cleanings.
Using a 1:1 ratlo of filter aid to particulate and 0.1 1lbs/sq, ft, from the
precoat cycle, a total of 1480 1lbs of filter ald would be required for
a complete cycle. The cost per cycle would be approximately $44.40 using
a $3.00/100 1bs material cost based on an east coast location.

Using conservative emission factors in the 1.0~1.7 lbs/
106 BTU range, it is estimated that a J-79 in a 120 minute cycle would
generate 212 1hs of collected particulates and a 350 1bs/sec turbofan in
a 137 minute cycle would generate 291 lbs of partlculate. Thils rate of
collection would require {llter cleaning twice every 12-13 tests with the
J-79 or 9-10 tests with the 350 lb/sec engine.

Detergent is supplied at a rate of one part to 40 parts

water during one-half of the wash cycle (two of the four passes). Consumption

e
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for one complete wash eycle 1s lherefore:

500,000 ACFM unit: 5,760 Gal X % cycle X 1/40 ratio = 72 Cal.

"

1,200,000 ACFM unit: 12,500 Gal X % cyele X 1./40 ratlo = 156 Gal.
Using a materlal cost of $4.00/gallon, the cost per wash is $290 for the
500,000 ACFM unit and $629 for the 1,200,000 ACFM wunit. As previously mentioned,
weshing schedule can vary considerably, therefore, for estimating purposes
only it will be assumed that on both systems the first bank 1s washed every
10 tests and the second bank every 40 tests. This averages to one complete
wash every 16 tests for a cost of $18.14 per test for the 500,000 A"FM unit and
$39.30 for the 1,200,000 ACFM unit.

5.03.3 Maintenance Costs - Flements of the sysltems which could be

expected to require periodic replacement are as follows:
- Precipitator (per modulc per year)

- Fields - Ionizer wire replacement; 100 per
year @ $1.70 ea = $170

- Cell replacement; 3 per year @ $275 ea
= $825

- Power Packs - Transformer replacement; one
every four years @ $236 ea = $59

-~ Silicon rectifier replecement; one
per year @ $26 = $26

- Washer Assy - Replacement of motors and chain
drives af'ter 15 years = $200/15 = $13

-~ Washer Control - Miscellaneous component replacement
over 15 year life = $1000/15 =
$67/year

Total estimated annual material replacement costs per

module = $1160. Cost for 8-module 500,000 ACFM installation = $9280. Cost

T

g

for l6-module 1,200,000 ACFM unit = $18,560.

v

PR L

-~ Pump Malntenunce: Lubrications, seals, ete. = $200/year

- Pressure Filter: Main guasket replacement one per year =

$35
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- Controls and instrumentation: Tstimate of $200/year ' ;i
In additlon to parts replacement, the. Installation .would
require routine Inspection on a weekly basis. At intervals of approximately
5 years, all cells should be removed and manually washed. Il is estinated
that thls operation would require approximately 4 mandays per module.
Allowing one manday per week for routine maintenance, average gnnual E

maintenance lmbor requirements for the two systems investigated would be

as follows:

500,000 ACFM: Routine maintenance: 1 md/wk X 52 weeks =
52 md/yr

Major cleaning: 2 md/wk X 8 modules/5 yre = ,
32 md/yT o

TOTAL: 55.2 md/yr
1,200,000 ACFM: 2 md/wk X 52 wks = 104 md/yr

2 md/module X 18 modules/5 years =
6.4 md/yr

TOTAL: 110.4 md/yr o
At an average cost of $79/md, the annual costs for the two

systems would be $4140 and $8280 respectively. E

5.03.4 Operating Labor - The system is designed to operate automa- : ;;;
tically with operator action required only to turn on the power supply to
the precipitator. An annunciator panel would be provided in the test
cell control room to alert operators to any off-normal conditions which
may arise. Precipitator washing and remcval of carbon sludge from the filter. ! f;
is also highly automated requiring operator action cnly to initiate the i i%
cycles and monitor’ the precoat operation. In view of the above, we do V
not anticipate the need for any additicnal full time staffing to operate

the system. A portion of the operators! time would have to be devoted to




O G o

supervision of the wash cycle and sollds separation processes. This would
be in the range of 3 hours per wash/removal cycle assuning full time
supervision while the equipment iy operating.

r

5.03.5 Annual Operating Costs - Annual costs are aummarized in

Table 5.3 for an assumed test cell loading of 500 engine tests per year.
Approximately 34% of the above costs represent consumable material used
in precipitator washing and solids separntion whose useage is basically

a function of engine dirtiness.

il




TABLE 5.3

ANNUAL OPERATING COSTS

500 ENGINE TESTS PER YEAR

Exclusive of demand charges

Ttem Consumption Rate Annual Cost
Utilities - Power* 62,300 KWH{$0.03/ | 1,869
KWH
- Water 14,58 X 10%aL$0.35/ | $5,103
= 1000 G.
£ | Material - Detergent 2,250 Gal., |$4.00/ | $9,000
< Gal.
= - Filter aid 61,667 lbs. |$3.00/ | $1,850
S 100 1bs
53 Maintenance - Parts ————— ——— $9,715
:; - Labor _—— —— $4,140
5
= Totals
———— m——— |$31,667
E | Utilities - Power¥ 147,100 KWH | $0.03/ | $ 4,413
b 6 KWH
3 - Water 32.68 X 10 $0.35/ | $11,438
=] Gal. JLOOO G.
S | Material ~ Detergent 4875 Gal. $4.00/ | $19,500
& Gal.
) - Filter Aid 74,000 lbs, |$3.00/ | $ 2,280
- 100 1b
® | Maintenance - Parts ———— - $18,935
~.
= - Labor ——— —— $ 8,280
Q —_
un
™ Totals
SURE $64 , 846
*
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3‘ SECTION 6

’ APPENDIX
lz A-1 Performance Evaluetion Conducted on a Two-Stage Electro-Cell Unit, '

Jet Englne Test Cell, by American Alr Filter Co. Inc. 23 May 1975

T and 24 July 1975,
" A-2 I-0 Memorandum: Air Samples from Flectrostatic Precipltator; Results

; of'; w/enclosures, Naval Alir Hework Facillity, NAS Jax - 16 June 1975.
o A-3 Basls for Operating Cost Computations
j} ~ Parameters for typical engine test cycles

~ Precipitator energization

gz - Evaporative Cooling o

Spray Reclametion

Preclipitator Washing
H -~ Pressure Tilter System

A-4 Conversion of test data to emission factors

. A-5 Dimensional Drawlng of Prototype Two-53tage Precipitator




APPENDIX A-1

Performance REvaluatlon Conducted on a

Two-Stage Electro-Cell Unit

o Jet Engine Test Cell

American Air Filter Co., Inc.




TEST REPORT
Pilot Two Stage Precipitator
United Engineers and Constructors Inc.
Purchase Order No. B0S~287
NAVFAC Contract N62467-74~C-0161
NARF Jacksonville, Florida

. et » - e - J i
: s "
R T R R PO - e e
il il H!JMW‘M"J & i " !

il oo oo i A o st



s oz EEE

CONTENTS

1. Report No. 1, 23 May 1975

2. Report No. 2, 24 July 1975

3, Drawing No. DEV-835A

L4

bl daiz

o Bl e ol b o il




ul
)

e

PEP 1702
23 May 1975

Performance Evaluation
Conducted on a Two-Stage Electro-Cell Unit
Jet Engine Test Cell
Naval Air Station
Naval Air Rework Facility
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23 May 1975

SCOPE:
During the weaks of April 6 and April 13, 1975, a field trip was made
to the Naval Air Station located in Jacksonville, Florida. The purpose of
this trip was to accomplish performance testing on a two-stage Electro-Cell
unit installed on the exhaust system of a jet test cell facility. The tests
were conducted in order to esiablish the unit's efficlency at various flow i
rates. Based on the results of these tests, an optimum flow rate, which
would provide approximately 90% efficiency on the exhaust fume, may be
determined.

BACKGROUND :

In operation, the jet test cell is utilized as a permanent stand for

testing rebuilt and repaired jet engines, the exhaust of which 18 emitted %;’ié

to the atmosnhere after passing alwet scrubbier unit. In search of a batter ; :é
cleaning device, the double unit Electro~Cell test system was installed at - K l?
this site and positioned such that a portion of the exhaust could be drawn
from the main scrubber stack prior to actual scrubber entry (see Illustration
A).

ALECTRO-CELL SETUP & PREPARATION:
The Electro-Cell test unlt consisted of two (2) ECU-5 units with

washers, arranged in series (mo fan). An 5G-7 power pack was used for each

ECU. IJonizer voltage on both packs was set ac 13.5 kV. Plate voltugs was

6.3 kV. Current draw to the two packs during tests was extremely high due

to excessive arcing (see below). Readings would fluctuate from 4 to 8 amps
for both packs (2 to 4 amps each). Each washer was contrclled by a

separate standaxd arrangement TI washer control with detergent option.

P Gy Guny ool s ik bt R BN EE TR O EE ey e

The test duct originated with a one foot by one foot duct inlet, located

about J0 feet downgtream and Jdirectly in line with the J-79 jet engine

exhaust and cooling water spray rirgs. Ailr flow through the unit was
regulated by use of various size slocted platea over tuls inlet.
Ipitial tests using a dampe. located downstream of the EBCU's for air
flow adjustment resulted in severe damage to the rathexr old test duct.
This was due to the tremendous thrust (cr velocity pressure} from the

engine which built up in the scrubber base section where the sample duct

inlet was located.




=

In addition, extreme arcing in the Electro-Cell elements caused
reliability problems with the power packs. This problem was a result
of the extremely high entrained molsture content and saturated condition

of the test air. Water flow from the sump of the test duct upstream of

the test unit was in the wagnitude of 15 liters per minute from about
7000 CFM of ady. Approximate water flow from the ECU unit drain was 1
liter per minute.

The only deviation from the standard ECU was in the use of eilicone
insulated high voltage wiring from the power packs to the buss bars.
Ingulatic. on the standard wiring was burned off at the buss bar end due

to the wet, dirty condition causing arc paths along the outside of the )

insulated wire to ground.
The location of the test duct inlet, dixectly in the jet engine exhaust

stream, will require, for reliable operaticn, some sort of weather louvre

or other entrained water eliminator arrangement. Pexrmanent installations '%,

b Pemd swd g G N3 WN W=

wust be designed to elimlnate entrained moisture for reliable operation of

-
el e

! the Electro-Cell. o
4 ;A
REQUIRED TESTS & EQUIPMENT:

Tests to be performed by AAF personael were: E ;

b

A. Determine air flow volumes at various pressure drops across the Pos

venturi{ section, Installed upstream of the Electro~Cell banks. igé

|

B. Determine the Electro-Cell efficiencies at various flow rates. gﬂ%

: {3
1‘ Regulation and measurement of air volumes were accomplishad by s_z

utilization of dinlet blank-off plates and pitot tube traverses in the venturi
inlet duct rather than using the venturi pressure drops. This method pro-

vided a more precise means of determining the actual flow since the venturi

pressure "bounced" continuously, creating a problem of accurately depicting

i,

the true pressure drop.
Efficiency evaluations were vbtained using inlet and outlet dust grain

T T

loads determined from AAF five-inch dust sampling equipmeunt. These

Al e, 5

content in a gas stream and are not intended for any gas analysis. The

AR

unit consists of a probe of sufficient length on whilch various size tips can

be installed. The probe in turn is attached to the sampler header which

houses the f{iltering media and monitoring orifice. This header is enclosed

i samplers are designed for capture and measurement of the particulate




in a Glasa-Col heating mantel with approprlate tempernture monhtors and
controls. The header 1s then attached to a sufficient vacuum source to

provide air movement. By correlation of proba tip sizes and orifice pressure

regulation iso-kinetic sampling conditions can be established and maintained.
Filtering media employed for these tests 1s defined as H-93 super-fine

glass with initial capabllity of 99.97% retention of 0.3 micron particles.

Retention ablility rises as media load increases,

TEST PARAMETERS & RESULTS: .
A. Alr Flow )

T o T T LA it TS ) S o

Establisiiment of system #ir flows was an essential porfion of the

test program, since sampling rates and cperational functions of dust

sampling equipment is directly reiated to these flows. The initial intent

was to utilize a venturil (calibrated) for air flow measurement, however,
as previously indicated, this approach failed to provide the desired degrce

The method employed. consisted of utilizing four sizes of inlet

of accuracy.
Approximately

blank~off plates at the entrance duct to the Electro-Cell unit.
six feet downstream of the inlet and immediately prior to venturi entry, a
pitot tube traverse was conducted for each of the four inlet plates. Each
traverse consisted of sixteen (16) check points taken in the center of
three-inch squares, having divided the one square foot duct into sixteen
The velocity pressures at each point were obtained

. From these

individual squares.
and recorded along with temperature and barometric pressures.

travarses, the total air volumes were calculaied as indicated in Table #2,

followed by actual calculation and computer data. The results of these

traverses were as follows:
1) 12 square inch cpening inlet plate provided 2517.6 actual cubic

feet per minute.
2) 18 square inch opening inlet plate provided 3827.6 actual cubic

feet per minute,
3) 24 square inch opening inlet plate prowufded 4732.0 actual cubic

feet per minute.
4) 36 square inch opening inlet plate provided 7334.1 actual cubic

feet per minute.
Using then, an entry area to the Electvo~Cell unit of 14,63 square

feet, these values provide cell velocities of 172.1, 261.6, 323,4, and 501.3

feet per minute, respectively.
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B. Dust Sampling & Efficlencles
Having established total system flows, a series of upstream and
downstream dust loading shmples were obtained using the AAF 5-inch sampling
devicea. Since velocity pressures are incorporated in the forxrmulation of
iso-kinetic sampling rates, it was necessary to derive the velocity pressure
by calculation rather than direct measurement due to the low pressure
values. From Table 1, it will be noted that duct flow in feet per minute

is indicated for each of the four inlet plates employed. (Duct area was

Guiiej Bkl ey GO

10 square feet.)

Using these volumes, we are able to calculate the average velocity pressure

i

in the duct by means of .

Vo = Velocity (FPM)
P 4005

g

where Vp is the velocity pressure, v = velocity in feet per minute, and 4005
the constant. Having derived the velocity pressure values, sampling rates
were determined for upstream and downstream units incorporating various
sized inlet tips. However, since the velocity pressure values are the
average at the particular system volumes, it was determined that sampling

A rates slightly larger than iso-~kinetic should be used during sampler runs

to insure that sufficlent sampling was accomplished. This will not affect

5 the results of the loading tests since each cubic foot of air contains a

" volume of dust consisting basically of 0 - 5 micron material which has
negligible gravitational and inertial forces acting upon it, due to the
minute size. This volume vs. alr sampled provides the actual dust loading

in grains per cubic foot.

conducted simultaneously, were performed at various unit flow as illustrated

in Table 1. As will be noted from this Table, the inlet grain loadings

3; Tne individual tests, consisting of upstream and downstream sampling,
1’ ranged from 0.00120 to 0.00290 grains per cubic foot of air and the outlet i

!: grain loadings varied from 0.0005 to 0.0001 grains per cubic foot. The

Tla e TN

efficlency band with both Electro-Cell unite energized varied from 82.75%
to 97.647%.
Compiling the results of the total test program, it was established that

) T ™ A

the actual flow rate at which the two-stage Electro-Cell would provide

flow at 7334,0 CFM. Also one test was conducted with only one bank of

! approximately 90% efficiency was 501 FPM cell velocity with the total system
l Electro~Cells energized and the test conducted at these conditions provided

an 80% collrction efficiency.
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A summary of all tests 1is illustrated in Tables 1, 2, and 3, followed

by actual test data and computer printouts,
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TABLE 2
Pitot Tube Veloucity Traverse Summary
on Venturi Inlet

| fy

g _

ol e A

i ™
T i

4/7/15 4/8/75 4/10/75 o 4/11/75

. DATE

. TEST NO. V-1 V-2 V-3 V-4 o Y
- l ORIFICE SIZE §§
: (IN2) 36 12 18 24 . 'K
[§ a =
3 I 43
o BA ¢ METRIC PRESSURE ég

) ap.0 A
! ABSOLUTE 20.07 30.07 29,98 29.88 i1
i. 1 é%
8 DRY BULB TEMPERATURE  130.0 127.0 130.0 130.0 %ié
f 3
- WET BULB TEMPERATURE  130.0 127.0 130.0 130.0 : %
DENSITY ~ lbs/ft3 0.06377 0.06440 0.063.7 0.06334 K

} 35

= PITOT TUBE CORR. 4

B EACTOR, 1.0 1.0 1.0 1.0 ; §

’ INLET SIZE E

f’V ' NO. OF POINTS 16 16 16 16 r
\ . 1, ‘
. 3; ACFM* 7334.1 2517.6 3827.6- 4732.0 :

SCFM* 6236.1 2161.8 3244.3 3996, A

i)

Tam

*Calculation formulas described on following page.
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Calculatlon of Air Volume from Pitot Traversc

Air Calculations

~ DENS =

PB
ED
LB,WB
PSAT

ACFM

Z 3 >

SCFM

DGCFM

PV

e

1

i

Computer Program 7058

(gas option = 1)

P — .38 (PSAT ~ P(DB — WB)/2700 . (From.AMCA Standard Test'-Code: . - ..

«754 (DB + 459.6) Bulletin 210 Section 1V)

Duct Pressure in in.Hg = PB ~ PD ' -_.-l -
Barowmetric Pressure in in, Hg ' ’ ‘
Duct Pressure depression in in, Hg S , .

Duct Temperatures in 7F '

Saturation Temperatuxe at WB in in,Hg
L Jvp
1096.5 A (N Vﬁﬁﬁﬁ)
Duct Area in ft2
Corrected pitot velocity pressure in in.WG
Number of traverse points of VP

DENS
ACFM (Z575)

70 + 459.67. P — PV
ACFM (5p759.67) $29.62 )

. ' (DB -- WB
(psar' -~ 335 E (B2 W)y (5 036) 4n in,mg

Pgar' and P' in psia

10=

s TN




FDF.:?:I CT0%S  MAYFAC IMLET TO YEMTURI HIR YOLUME TEST 1 7HPR?S FRGE 1
03,2175 P
1 H DICT ARERA CODE = 3 CORRECTION CODE = 1
I AL CODE = 1 * EAROMETER ABS = 30,07000
X . DR BULEB TEMP = 130,00000 WET BULE TEMP = 130.00000
l LEMGTH = 12.00000 WIDTH = 12.00000
‘ F’ITDT'CDRRECTIﬂN FACTOR = 1.00000
b l HO. OF PRINTE = 185 ' ‘ ‘
'PDSITIDN YELOCITY FRESSURE
1 2,500 '
& ceS0n
= 2,780
4 2750
g, =L 000
= S 000
7 S, 000
= L0000
2 S, 00N
190 S.000
11 200D
12 S.100
1= 2LEnn
14 2.700
15 2.300
1A S 000 .
= ].R3I0392 DHRER = 1.0600 32 FT
= 1. 0AZF7 BRCFM = 7334.1
= 2235, 1
———l————--—-—- - e e e e e e e i o Sm8 + | R Lrm aa v § 8 e e e —— [ T P P
#
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3' !&WW!E?HSB HAVFRC IMLET TO YENMTURI AIR YOLUME TEST 2 BRPR?S PAGE 1

L DAsELTY OEEE
i
.

1]
3

IUCT ARER CODE ] CORRECTION CODE = 1

L B o

. BAS CODE = 1 EAROMETER RAES = $0,07000

x .

= IRY BULB TEME = 127.00000 WET EULE TEMP = 127.00000
| 1; LEMBTH = 12.00000 WIDTH =

12.00000

PITOT CORRECTIOMN FAZTOR = 1.00008

O

- g MO. OF PDINTS = 15
o ﬁ)uSITIGH VELOCITY FRETEURE
A B | 0. 240

" g; = : e B0

L 14 13 0.200

N 14 n. 23y

: i 21 Pl
o2& [ 450

. 232 0. 2540

vy 24 0,240

- ig ) 0,350

A i< 0,350

i = Q.550

. = P =g)]

Oa.20mn

R <8
—

‘ c 0,250
{ 13 L300
44

C.00

FM = 0, DEET 0T DHRER = 1.000 3@ FT !

;; ' DEWE

[}
Y
L
o
[ 8
I
&
=

ACFM = 2517.5

Pl ZCFM = 2151.3
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FORM C70S3
TETSCS Wari]

BRS CODE
LEY
LEMBTH

PITOT

NO. OF POINTS =

POSITION

11
1z
13
14

o1

DRI DI TONn
0Oy == a0 [0

CU U N I X
' — L

L&
£ L

Besi  Gmnd
LY X

M

DEMZ

e

SCFM

EULE TEMP

CORRECTION

h ot ot B L e i oy S 2 e

pos s

DUCT AREA CONE = .

[}

1

i

130, 00000
= l&.00000
FRCTOR =

15

VELOCITY RRESSURE

0, =50

.70
o.a=n:
0.750
Do20in
0.750
0.0
0.3mn
0. 2510
1.000
=R
0.3235n0
0,900
0,200
0.530

= 0.2301271

0. 15357

i

CORRECTION CODE
ERROMETER ARS
WET BULE TEMP
WIDTH

1.00000

DRREA

HIZF M

HAYFHC IHLET TO YENTURI RIR VOLUME TEET 5 10 APE7?D

)

Il

- -

PASE 4

1

)

9.93000

.

130. 00000

12.00000

P
o
[ ]
<
)
L}

)
4]
Fo
-\‘
[ef]
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FORM C70S3 NRYFRC INLET TN YENTURY AIR YOLUME TEST 4 ALAPRYS FRGE 3
VE YR Wars Lo 1e

) ' DUET ARERA CODG = 3 CORRECTION CODE =

[}

1 (' sas cooe =1 ERFOMETER ABS = 29.832000
- DRY BULE TEMP = 130.00000 WET BULB TEMP = 130.00000D
LENGTH = 12.00000 WIDTH = 12.00000

YIRS

PITOT CORRECTINN FACTOR = 1.00000 i

i; Hd. OF POINT: = 16

v i' S POZITIONM YELDCITY FRESSURE ’
1 11 1,000
A 1z (=Nl
'3 13 1,200
S 14 1.100
- 21 1250
3 1 & 1.300
1 o 1.250
. 24 1.250
2 21 1.300
ad 1350
] 1.3250
2 1.300
41 1.050
( a4z 1.200
4 1.150

1.100

5
$ 0]

i = 1.0861513 DREER = 1.000 8@ FT
. 063324 HEFM = 4732.0

DENS =

¥
L
"
a

LZOFM

'memmfﬂﬂf,;m_
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FORM C?040 HMAVFAC JET DUST SAMPLER TEST 1 UPSTREAM 9RPR?S PAGE 1
0421/7S

TEST DATA

CONCENTRATION DETERMINATION MADE USING A
FIVE INCH SAMPLER WITH A DNE-FOURTH INCH DRIFICE

CARRIER GRS: AIR

TEST PAD(S)

PADY Vv-839

PAD2
TOTAL FINAL PADCS> WEIGHT 2.00030 GRAMS
TOTAL INITIAL PRDP<S)> WEIGHT 1.98190 GRAMS
TOTAL PADCS> WEIGHT GRIN 0.01890 GRAMS

BRAROMETRIC PRESSURE ABSOLUTE 30.100 IN HG

FORM C7040 NAVFAC JET DUST SAMPLER TEST 1 UPSTRERAM 9 RPR7S PRGE 2 ;
04-21,75

TIMEL TIMEZ2 DUCT DB DUCT WB SRMPLER DB DPD SAMPLER WB FSAH PPNYH DENS

0.00 5.00 130. 130. 2s0. 1.67  137.9 30.100 4.525 0.0532
5.00 7.00  130. 130, 240. 1.66  137.3 3C.100 4.525 0.0539
_ 7.00 10.00 130, 130. 230. 1.65 138,730,100 4.526 0.0547
; 10.00 15.00 130, 130.. 230, 1.65 1352 30.100 4.526 0.0547
| 15.00 20.00 130, 130. 249, 1.55  137.3 30.100 4.526 0.053%
, 20.00 25.00  120. 130. 245. 1.67  137.% 30.100 4,526 0.0536
, 25.00 30.00 130, 130. 245. 1.7  137.5 20.100 4.526 0.0526
| 30.00 35.00  130. 130. aso. 1.67  137.3 '30.100 4.526 0.0532 ;
35.00 40.00 130, 130. 2so. 1.57  137.9 20.100 4.526 0.0532 |
40.00 45.00 130, 130. 2s0. 1.7 137.2 30.100 4.526 0.0532 i
: 45.00 50.00  130. 130. 245. 1,67  137.6 30.100 4.526 0.0536 i
$0.00 S2.00 130. 130. aso. 1.67 137.9 30.100 4.526 0.0532 !
' i
I
1
FORM €7040 HMAVFAC JET DUST SAMPLER TEST 1 UPSTREAM 9 APR7S PRGE 3
04,21,75

D3ISUM ='100.8513 TOTRL RCTURL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS.s RACF
NO3SUM =  64.3744 TOTAL DRY GAS SAMPLED YOLUME AT 70 DEG.F AND 29.92 IN HG
ODASUM= 34,4977 TOTAL RCTUAL SAMPLED YOLUME AT DUCT TEMP. AND PRESS.

FHIL WEIGHT GAIN = 0.013% GRAMS

LS 7ACE = ), 0029 SFAINS PER CUBIC FLOT AT SAMPLER CONDITIONSs GR/RACF

areLspiOE nou, 004% GRRINS PER CU FT DBF DRY GAS AT 70 DEG.F AMD 29.92 IN HS

= 0. 0035 GRAINS. PERCUBLC.EOOT. AT DUCT. CONDITIONS>. 6R<DUCT. ACE,.

e puctT ACE

Best Available opy
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FORM C7040 HNAYFAL JET.DUST SAMPLER TEST 1 TOWNSTRERAM 9APR7S PAGE 4

04,21/?5
TEST DATA

CONMCENTRAT ION. DETERMINATION MADE USING A i
FIVE INCH SAMPLER WITH A  ONE-FOURTH IHCH ORIFICE

CARRIER GAS: RIR

TEST PRDC(S)

PRD1 ¥Y=-340

PAD2
TATAL FINAL PAD(S> WEIGHT 1.978560 GRAMS
TAOTAL INITIAL PADC(S) WEIGHT 1.97450 GRRMS

TOTAL PRD(S> WEIGHT GRIN 0.00410 GRAMS
BAROMETRIC PRESSURE ABSOLUTE 30.100 IN HG

FORM C7040 NAVFAC JET DUST SAMPLER TEST 1 DOWNSTREAM 9APR7S PRGE 5
04-,21/75

TIMEL TIME2 DUCT DB DUCT WB SAMPLER DB DPD SAMPLER WR PSAH  PPWH DENS

0.00 2.00 123. 123. 225. 4.20 134.8 30.100 4.290 0.0553
2.00 7.00 123. 123. 225, 2.20 134.83 30.100 4.290 0.05353
7.00 10.00 123. 123, 225. 2.20 134.8 30.100 4.290 0.0553
10.00 15.00 128. 128, 234, 2.17 135.5 30.100 4.230 0.0544
1S5.00 20.00 130. 130. a255. 2.12 1283.2 30.100 4.526 0.0528
20.00 25.00 130. 130. 245. 2.14° 137.6 "30.100 4.526 0.053%
25.00 30.00 130. i30. 245, 2.14 137.6 30.100 4.526 0.0536
30.00 35.00 130. 130. 250. 2.15 137.3 30.100 4.526 0.0532
35.00 40.00 130. 130. ©o240. 2.19 137.3 30.100 4.526 0.0539
40.00 45.00 130, 130. 245, 2.14 137.6 30.100 4.526 0.03535
45.00 50.00 130. 130. 235. & 2.17 137.0 30.100 4.525 0.0543
50.00 S2.00 130. 130. 235. 2.17 137.0 30.100 4,526 0.0543
FOPM C7040 NAVFAC JET DUST SAMPLER TEST 1 DOWNSTREAM 9APRYS PRGE 6
0428773

NSSUM = 115.2135 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS.» ACF
NDIM = 75,4516 TOTAL DRY GAS SAMPLED VDLUME AT 70 DEG.F HﬂD 29.92 IN HG
TDATUM=  97.23924 TOTAL RCTUAL SAMPLED VOLUME AT pucY TEMP.IHHD PRESS.
Fap LWEIGHT GRIN = 0.00431 GRAMNS
EadiIN g = 0.000% GRAINS PEP CUBIC FOOT AT SAMPLER CONDITIONS» GR/ACF

‘i LE = 0, 0003 GRAINS PER CU FT OF DRY GAS AT ?O.bEG.F AND 29.92'IN HG

s

coe T oane » o- nqo

N SRR N

. Best Available Copy
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FORM C?040 NAVFAC JET DUST SAMPLER TEST 2 UPSTRERM 9/RPR?3
04-21,?75

CONCENTRATION DETERMINATIDM MADE USING A
FIVE INCH SAMPLER WITH A

CARRIER GAS: AIR

TEST DATA

TEST PAD(S)

PAD1
PAD2

TOTAL FINAL PAD(S) WEIGHT
TOTAL INITIAL PADCS) WEIGHT
TOTAL PADCS) WEIGHT GRIN

BRROMETRIC PRESSURE RABSOLUTE

cT-518

ONE-FDURTH INCH ORIFICE

2.03120 GRAMS
2.07260 GRAMS

0.900860 GRAMS

30.0350 IN HG

FORM C?7040 N
04-21/73

TIMEL

0.00
1.00
3.00
S5.00
8.00
10.00
15.00
20.00
30.00
35.00
40. 00
45. 00
50.00
$5. 00

TIME2 DUCT DB DUCT WP SAMPLER DB

1.00

3.00

S.00

8.00
10.00
15.00
20.00
30.00
35.00
40.00
45.00
S50.00
55.00
50.00

FOPM £7040

04,2175

Q33LM

ODSUM

MDASUMS

fol WEIGHT GPRIN =

115.2455 TOTAL ARCTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS.» RACF

‘

-

AVFAC JET DUST SAMPLER TEST

2 UPSTREAM "9APR?S

PRGE 2

OPD SAMPLER UB PSAH PPWH  DENS

ES

130. 130. 250. 1.66 137.9 30.030 4.326 0.0531
130.,. 130. 24S. 1.66 137.6 30.050 4.526 0.0335
130. 130. 240. 1.66 137.3 30.050 4.525 0.03538
130. 130.° 230. 1.65 136.7 30.030 4.526 0.0346
130.. 130. 23S. 1.65 137.0 30.050 4.326 0.0342
130. 130. 233. 1.65 137.0 30.050 4.326 0.0342
130. 130. 240. 1.66 137.3 30.050 4.526 0.0338
130. 130. 233. 1.6 137.0 30.050 4.326 0.0342
130. 130. 230. 1.68 136.7 30.050 4.525 0.03546
130. 130. 235. 1.65 137.0 30.030 4.326 0.03542
130. 130. 230. 1.635 136.7 30.050 4,526 0.0546
130, 130. 235. 1.65 137.0 30.050 4.526 0.0542
130. 130. 835, 1.6S 137.0 30.050 4.526 0.0542
130.- 130. 23%s. 1.65 137.0 30.050 4.3526 0.0542
MAVFAC JET DUST SAMPLER TEST 2 UPSTRERM 9APR7S PAGE 3

74.9521 TOTAL DRY GRS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG

97.3162 TOTAL ACTUAL SAMPLED VOLUME AT DUCT TEMP. AND PRESS.

MR S =

0.0012

L0018

GRAINS

0.00386

GRRAMS

FER CUBIC FOOT AT SAMPLER CONDITIONS» GR/ACK

_PER CU FT OF DRY GAS AT 70 DEG.F AND 29.92 INHG

Best Available Cu,v,l

A
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FOPM C?040 NAYFAC JET DUST SAHHPLER TEST 2 DOWMITREAM 9.APRYI PAGE 4
04r21,75

-l

TEST DRTA

CONCENTRATION"DETERMINATION MADE USING A
FIVE INCH SAMPLER WITH A  OME-FOURTH INCH ORIFICE

CARRIER GRSt AIR

EORRREY O T [T

TEST PRAD(S)

) S T
-
bl

, RADL CT-519 _ b :
. PAD2 :
& TOTAL FINAL PADCS) WEIGHT 2.03620 GRAMS £
]j TOTAL INITIAL PADCS) WEIGHT  2.03450 GRAMS :
TOTAL PADCS) WEIGHT GAIN 0.00170 GRAMS . ;

J BAROMETRIC PRESSURE RBSOLUTE 30.050 IN HG

L

!‘IN-

QDASUM= 154,2770 TOTAL ACTUAL SAMPLED VOLUME FMT DUCT TEMP. AND PPESS.

PAD WEIGHT GAIN = 0.0017 GRAMS

1 ilf |
i': " i
. FORM C7040 HNAYFAC JET DUST SAMPLER TEST 2 DOWNSTREAM 9 APR7S PAGE S
e ]’ 04,21,75 )
v ; TIMEL TIMER DUCT DB DUCT WB SAMPLER DB OPD SAMPLER WP PSARH  PPWH  DEMNS
) J 0.00 5.00 120, 120, 250. 4.20 130.6 30.050 3.448 0.0523
‘ 5.00 9.00 13Q. 130, 235, 4.12 137.0 30,050 4,526 0.0542
- .00 15,00 130. " 130, 240, 4.15 137.3 30.050 4.526 0.0538
' 15.00 20.00 130, 120, 210, .93  135.5 30.050 4.526 0.0532
i 20,00 25.00 130, 130, 225. 4.06  136.4 30.050 4.526 0.0550
- 25,00 30,00  130. 1430, aas. 4.06  136.4 30.050 4.526 0.0550
20.00 35.00 130, 130, 220. 4.02 136.1 30.050 4,526 0.0554
1 v 55.00 40,00 130, 130, 230, 4.09 136.7 30.050 4,526 0.0546
, I 40,00 45.00 130, 130. 225. 4.056 136.4 30.050 4.526 0.0550
1 45,00 S0.00  120. 130. 225. 4,06  136.4 30.050 4.526 0.05%0
el 50,00 55.00 131 131, 230, 4.09 137.5 30.050 4,648 0.0545
| $5.00 50,00 132. - 132, 230. 4,09 123.3 30.0506 4,773 0.0544
£l FORM C7040 NAYFAC JET DUST SAMPLER TEST 2 DOWNSTREAM © RPR7S PHGE 6
7 l 04,2175 :
BSSUM = 130.3103 TOTAL ACTUAL SAMPLED VOLUME AT SANPLER TEMP. AND PRESS.s ACF
l QDIUM = 113.5034 TOTAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG

CONC/ACF = (,000; GRAINS PER CUBIC FOOY AT SAMPLER CONDITIONS» GR/ACF

COMC/D3SCF = 0,.0002 GRAINS PER CU FT UF DRY GRS AT 70 DEG.F AND 29.92 IN HG

- L e i e R
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FORM C7040 NAYFAC JET DUST SAMPLER TEST 3 UPSTREMM 1 UHPH(D rFroe 1
04-22/7% .
. TEST DRTA

CONCENTRATION DETERMINATION MADE USING A
FIVE IMNCH SAMPLER WITH A ONE~FOURTH INCH DRIF.CE
CRARRIER GAS: RAIR

TEST fﬂD(S)

PADL CT-521
PRD2
1.99660 GRAMS

1.93320 GRAMS
0.91360 GRAMS

TOTAL FINAL PAD(3) WEIGHTYT
TOTAL INITIAL PADCS) WEIGHT
TUTAL PADC(S> WEIGHT GAIN

BAROMETRIC 'RESSURE ABSOLUTE 29.950 IN HG

FORM C7040 NAYFAC JET NUST SAMPLER TEST 3 UPSTREAM 1ORPR7S PRGE 2
04,22/7 3 '
TIMEL TIMEZ DUCT DE DUCT UB SAMPLEK DB DPD SAMPLER WD PSAH  PPWUH  DENS

0.00 .00 130, 130. 245, 3.73 137.6 29.950° 4.52% 0.0533

2.00 5.00 130. 130. 240, 3.75 137.3 23.9350 4.526 0.0537
S5.00 10.00 130, 130. 2335. 2.75 137.0 29.230 4.526 0.0%40
10.00 15.00 130, 130. - 240, 3.78 137.3 £9.950 4.526 0.0%37
15.00 20.00 131, 131. 243. 3.73 135.3 22.950 4.%45 0.0332
20.00 25.00 13a. 132. 240. 3.79 133.8 29.350 4,773 0.053%
25.00 30.00 132, 132, a40. 3.75 133.83 29.930 4.773 0.0535
30.00 35.00 132, 132. 240. 3.73 133.8 29.752 4.773 0.0535
35.00 40.40 13a. 132. 240, 3.73 1383.8 29.950 4.773 0.0%35
40.00 45,00 132 - 132, 245, 3.73 139.1 23.9%0 4.7?73 0.09531
45.00 50.00 132, 132. 245, 3.75 139.1 29.2350 4.7?3 0.0531
50.00 55.00 13a, 132. 243, 3.79 132.1 29.9%0 4.??3 0.0%531
55.00 60.00 132, ¢ 132, 243. 3.73 139.1 29.930 4,773 0, 0531

FORM £7040 NAYFAC JET DUST SAMPLER TEST 3 UPSTREAM 10RPR7S PAGF 3
04-22-75

GSSUM = 174.9916 TOTAL ACTUML SAMPLED YOLUME AT SAMPLER TEMP. AND PRESS.» AGF
GDSUM = 111.4372 TOTAL DRY GAS SAMPLED VOLUNE AT 70 DEG.F AHP {"9.92 IN H6
DOASUM= 147,.4464 TOTAL ACTURL SAMPLED YOLUME AT DUCT TEMP. ANU PRESS.

RAMS

ut

PAD WEIGHT GARIN = 0.0136

CONC7ACS = 0.0012 GRAINS PER CUBIC FDOT AT SAMPLER CONDITIONS. GR/ALCF

emGRsecRaseE_x 0 0013 GRAINS PER CU FT OF DRY GAS AT 70 DEG.F AND 09.92 IN HG
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FORM C7040 MNAVFAC JET DUWIYT SAMPLER TEST 3 DOWHSTRERAM 10AFR?S PAGE 4
0422773

TEST DATA

CUMCENTRATION- DETERMINATION MADE USING R b
FIVE INCH SAMPLER WITH A ONE-~FOURTH INCH DRIFICE

L

CARRIER GRAS: RIR

L

{ TEST PAD(S - 3
é--}: PADI  CT-520 ; g
[ ' PAD2 r
I; pé
L- o TOTALLFINAL PAD(S) WE(GHT 2.01270 GRAMS 3
- ,i TOTAL INITIAL PADCS) WEIGHT  2.01200 GRAMS R |
ook TOTAL PAD(S) WEIGHT GAIN 0.00070 GRAMS . 2
ay J BARMNMETRIC PRESSURE AB3OLUTE 29.950 IN HG '%'
[ e B S 1
] N 3
] g |
: o ‘ é;
EORM C7040 NAVFAC JET DUST SAMPLER TEST 3 DOWNSTREAM 1O0APR7S PRGE S 5
“' 04-22/79 f%
. 5
TiMEL TIMEZ2 DUCT DB DUCT WP SAMPLER DB OPD SAMPLER WE ¢SAH  PPWH  DEMS ;é
.02  S.00 125, 125. 2=9. 9.53 134,129,950 3.955 0.0532 i
5.00 10.00 132, 132, z10. 3,07  137.1 £9.950 4.773 U, 0958
19.00 15.00 133, 133. 210. 9,07  137.9 29.95C 4.901 0.0557
. 15,00 20.00  135. 135, ¢ 220, $.17  140.1 29,950 S.16€ 8,537
4o 20.00 @5.00 133, 1313, 220. %17 13%.5 29.950 4.901 ©,054%
S = 25.00 3u.00 135, 135, 220, 9.17  140.1 27.950 S.166 U.0547
30.00 2S.u6 135, 135, 2¢5. 9,26 140.4 £9.950 S.166 0,0543
o 35.00 40.00  13S. 135. 2es. 9,85 146,422,950 5.166 0.0543
: 40.0U 45,00 122, 133, 2as. 9,26  128.8 29.950 4,901 0, 0545
- 45.00 -50.00 133, 133, 2es, .35 133.8 29.930  4,90) 0.0545
50.00 S%,00 133, 133. zeas. 5,86 13S.3 29.950 4.901 003545
- 55,00 60.00 133, 133. 225, 9.26 128.3 29.950 4,901 0.034%
. &,
A e = M e e e ———
-y ;‘\" i
- FORM CPU40 NAVEAC JET DUST SAMPLER TEST 3 DOUNSTREAM 10AFR?S PRGE 6
g 3; Q4722779
E,
kA
4’§: O3SSUM = 271.35%4 TOVHL ACTURL SOMPLED YOLUME AT SAMPLER TEMP. AND PRESS.: RCF
c
' é; g: QUSUM = 176.1202 TITAL DRY GAS SAMPLED VOLUME AT 70 DEG.F AND 29.%2 IN HG
1 <l : _
£ ADASUM= 235.4403 TOTAL ACTUAL SAMPLED YGLUME AT IUCT TEWP. AND PRESS.
,§\I i PRAD WEIGHT GRIN =  0.0007 GRPMS
.
& CONG/ACF = 0, 0000 GRAINS FER CUBIC FOOT AT SAMPLER COMDITIONS, GR/ACF
o
giﬁﬁ. 2 _CONE/DESCF m 0. 0001 GFAINS PER CU FT OF BRY GRS HT ?o DEu F HND 29.92 IN HG
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GrM CY 040 NAYFHEC JET DUST SAMPLER TEST 4 UPSTREAM L IAPR?3 PAGE 1
(‘4" 27

TEST DATA 5

Bl e g

CONCENTRAT 10N DETERHINATION MADE USIMG A "
FIVE ENCH SAMPLER WITH A ONE~FOURTH IMCH DRIFICE ) 4 i
CARRIER GAS: AIR 3
TEST PAD(S) - : ;
PADL  CT-522 ; 3 g
PAD2 : 3
TOTAL FINKL PADCS) WETGHT 2.00180 GRAMS ' £ ;
TOTAL INITIAL FADCS) WEIGHT  1.95110 GRAMS - s
TOTAL PADCS? WEIGHT GAIN 0.04070 GRAMS . 3
BRROMETRIC PRESSURE ABSOLUTE 29.740 IN HG E
FORM C7040 MNAYFRAC JET DUST SAMPLER TEST 4 UPSTREAM 11APR7S PRGE 2 B
04,22/75 Lo
TIMEX TIMEZ DUCT DB LUCT WR SRMPLER DB OPD SAMPLER WB PSAH  FPWH  DENS :
0.00 5.00  130. 130, 245, 5.75  137.5 29.740 4,536 0.0529 A
5.00 3.00 131. 131. 240, 5.75  133.0 29.740 4,643 00532 i
3.00 12.00 131, 121, 225, B.7% 137.1 29.740 4.54% 0,0543 : 3
12.00 15.00 132, 132.+ @20, 5.75 133,28 @3.740 4,773 0.0533 ; :
15.00 20.00 132, 132. 240, 5.75  133.3 29,740 4.773 0.0531 : o
20.00 35,00 132. 132, 245,  5.75  139.0 22,740 4.773 0,0527 ;
35.00 45,00 132, , 132, 245,  5.75  139.0 27.740 4.773 0.0527
45.00 60,00 132, 22, 245.  S.75  139.0 23.740 4.773 0,0597
50.00 65,00  132. 132, 2850,  5.75 133,329,740 4.773 0.0523
55,00 70,00 132, 132, 240, 5.75 122,83 29.740 4.773 0,0531
70.00 835.00 132, 122. €45, 5.75  139.0 29,740 4.773 W.0527
85.00 90.60  132. 132. 240.  5.75  133.3 ®2.740 4.773 0.0531
FORM 7040 MNAYFAC JET DUST SAMPLER TEST 4 UPSTREAM 11APR7S PAGE 3
4 a2svs
@ESUM = 326.5%24 TOTAL ACTUAL SAMPLED VOLUME AT SHMPLER TEMP. AMD PRESS.» RCF
OPSUM = @03,6521 TOTAL DRY GAS SANPLED YDLUME AT 70 DEG.F AND 29.92 IN HG
RUATUM= 274, 3550 TOTAL RCTURL SRMPLED VOLUME RT DUCT TEMP. AMD FRESS.
FRD WEIGHT GRIN = (L0407  BRAMY
CONCoSCF = 0. 001% GRAINS PER CUBIC FOOT AT SAMPLER CONDITIONS: GR-ACF
_FONC/DGSCE = €. 0021 GRAINS FER CU FT OF IRY GRS AT 70 DEG.F AND 29.92 IN HG el<
i —ﬁ_':%; - - ST e M Sy = , - N ORI _
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FORM C?7040 HNAVFHC JET DUST SAMPLER TEST 4 DOWNSTREnH (1HFR?D FHbE @
04/22/73

i

TEST THTA R

COMCENTRATION DETERMINATION MADE USING A
FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRJER GRAS: RIR

TEST PADCS)
PADI CT-522

PAD2 :
TOTAL FINAL PADCSY WEIGHT 1.97430 GRAMS
TOTAL INITIAL PADCS) UEIGHT  1.97230 GRAMS
TOTAL PADCS) WEIGHT GRIN 0.00150 GRAMS

PARDMETRIC PRESSURE ABSULUTE 29.740 IN HG

SR BT

— e 1 o e = s S e A B O 1 i A iy ST AR SR . R Ry e e P e ot s S o S -~ - e s . o iy Y - e G40 S

Suinch

FORM £T040 NAYFAC JET DUST SAMPLER TEST 4 DOWNSTREAM 11APR7S PHGE 5 i
04/22/75 L
!’ . ,
TIMEQ TIMEZ DUCT DE DUST U SAMPLER DB OPD SAMPLER WB PSAH  PPWH  DENS N
: 0.90 S.C0 130, 130, 230, 14.50  136.6 @9.740 4.526 0.0540 :
, 5.00 10.60 132 22, 200, 14,50  136.4 29,740 4,773 0.0%542 5
- 10,00 15.00 122, 132, 200.  14.50 136.4 29.740 4.773 0,0362 R
15,00 20.00 133,  133.+ 210,  14.50  137.8 29.740 4.901 0.0553
‘ 20,00 25.00 143, 133, 210, 14,50  137.8 23,740 4,301 0.0553 ,
. 25.00 30,00 133. 133, 220,  i4.50  133.4 29.740 4,901 0,0545 ' .
33,00 35.00 133, 133, 215,  14.50  132.1 29.740 4,901 0.0549 :
35.00 40.00 133. 133, 225, 14,50  133.7 29.740 4.701 0.0%41 ;
: 40.00 45.00 133. 133, 230, 14.50  133.0 29.740 4,04 0.0337 :
l 45.00 50.00 133. 133, 225. 14,50 138,7 29,740 4.901 0, 0541 ,_
g 50.00 55,00 133. 133, 223, 14.50 133,97 29.740 4.901 0.0539 :
- 55.06 60,00 133. 133, 235.  14.50  133.3 29.740 4.901 0.0534 :

. 60.006 ©%.00 133. 132, Z32. 14.50 2.1 22.740 4.901 0.053%
%25.00 70.00 133, 133. 230, 14,30 139.0 29.740 4.901 0, 0537 i
70.00 75,00 123, 133. 229. 34,50 133.7 29,740 4,901 0.0541 t
¥S.00 ©0.00 123, 133. 230. 14,50 132.9 292.740 4.901 0, 0337 ﬁ B
20.00 85.00 123, 133, 230, 14.50 133.0 23.740 4,901 8, 0837 Lo
35.00 90.00 133. 133. 23z, 14.50 132.1 29.740 4.901 0.0536 %

b

FORM C?040 MAYFAC JET DUSC SAMPLER TEST 4 DOWNSTREAM 11AFR?S PAGE 6
04-22-75

NS3UM = 511,.6152 TOTAL ACTUAL SAMPLED YOLUME AT SAMFLER TEMP. AND PRESS.y RCF
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QDSUM = 330.2221 TOTAL DRY GAS SAMPLED YOLUME AT 70 DEG.F AND 29.92 IN HG

!! QDASUM= 444,2992 TOTAL ACTIAL SAMPLED VOLUNE AT DUCT TEMP. AND PRESS.

——




FORM C7040 HAVFAC JET DUST SAMPLER TEST 5 URSTRENM 11/PR?S PRAGE 1
04722475

TE3T DATA

CONCENTRATION DETERMINATION MADE USING A
FIVE INCH SAMPLER WITH A .ONE-FOURTH ICH ORIFICE

CARRIER GAS® AR

TEST PADCS)

Ny

PAD1 CT~52%5

PRD2
TUTAL FINAL PAD(S) WEIGWT 2.08480 GRAMS
. TOTAL INITIAL PADCS) WELGHY £.04480 GRAMS
; TOTAL PAD(S» UEIGHY GARAIN 0.04000 GRAMS . .

BAROMETRIC PRESSURE ABSOLUTE 29.770 IN HG

< s :

FORM C7040 NAVFAC JET DUST SAMPLER TEST S5 UPSTREAM 11APR?S FRGE @
04-,22,73

TIMEY TIME2 DUCT DR DUCT WE SAMPLER DB 0PD SAMPLER WR PSHAH FPWH DENS

b 1
H

R
5.
i

x ! 9.00 3.00 132, 132, 233, 5.75  133.5 29.770 4.773 0.0535 ¥
S 3.06 S5.00 132, 132, 230, 5.75 133.2 29.770 4.773 0.0539 .
b ;S 5.00 9.00 132, 132, 230. S5.75  133.2 @3.770 4.773 0.0539 i
21 ! . 9.00 19.00 132, 132, 235. 5,75 138.5 23.770 4.773 0.053% :
5 | 19.00 30.00 132, 132, 230, 5.75 133.2 29.770 4,773 0.0%539 .
N 30,00 35.00 132, 132. 235. . 5.75 138.5 29.770 4.773 0.0535 i
_ 35,00 40.00 132, 132, 240. 5.75  133.3 29.770 4,773 0.0531
S ! 40.00 %0.00 132. 132, 233, 5,73 133.5 29.770 4,773 0.053% t
S0.00 70.00 132, 132. 240. 5,75 132.8 29,770 4,772 0.0531 3
T 70.00 75.00 132, 13a. 235. 5.75  133.5 29.770 4,773 0.053%
ol 7%.00 80.00 132, 133, 239. 5.75 138.2 29,770 4,773 0,0532 L
ﬁ 30.00 8%.00 132, 13a. 23s. 5.75  123.5 &9.770 4.773 0,053% -
o 35,00 95.00 132, 132. 230, 5.75  133.2 239.770 4,773 0.0539 2
: l FIORM C7040 NAVFAC JET DUST SAMPLER TEST S UPSTREAM 11RPR7S PAGE 3
; 04-22/73
l HSTUM = 324.6415 TOTAL ACTUAL SAMPLED VOLUME AT SAMPLER TEMP. AND PRESS.» ACF
ODSUM = 206,8295 TOTAL DRY GAS SAMPLED VOLUME WT 70 DEG.F AND 29.92 IMN HS
l QDASUM= 276.5499 TOTAL ACTURL SAMPLED VOLUME AT DUCT TEMP. AND FRESS.

PAD WEIGHT GRAIN = 0, 0400 GRAMS

CONC/ACF. . = 0.0049 GRA




il

¥
, FORM C7040 NAYFAC JET DUST SPAMPLER TEST 5 DUWNSTREAM 1JRAFRYS PAGE 4 N
iy 04,2273 i
'
= l TEST DATA P
: CONCENTRATION DETERMINATION MADE USING A %h
o . 1
ﬁ FIVE INCH SAMPLER WITH R ONE-FOURTH INCH ORIFICE

CARRIER GRAS? AIR

TEST PRD(S)
PADL  CT-524 .

PAD2 ‘ .
TOTAL FINAL PAD(S) WEIGHT 2,01220 GRAMS e
TOTAL INXITIAL PADCS WEIGHT  2.00%00 GRAMS ;
TOTAL PADC(S) WEIGHT BAIN 0.00320 GRAMS . N

BARDMETRIC PRESSURE ABSOLUTE 29.770 IN HG

i
_______ e e e e e e e e e e — j§
|
t
;
t
FORM C7040 NAVFAC JET DUST SAMPLER TEST 5 DOUNSTREAM L1APR7S PRGE 3 Y
l 04/22/75 i
TIMEYL TIME2 DUCT DB DUCT WB SAMPLER DB OFD SAMPLER #B PSAH  FPWH  DENS :
' 0.00 3,00 133.  133. 820, 14,50  133.4 29,770 4.901 0.0546 §
5.00 10,00 133, 133, 220, 14,50  133.4 £9.770 4.901 0.0546 :
: 10,00 15.00 133,  133. 225. 14,50  133.7 29.770 4,901 0,0542 ;
15.00 20,00 133. 133, - &30, 14,50 139.0 23,770 4.901 0.0533 :
20.00 25.00 133.  133. 230, 14.50  139.8 29,770 4.901 C.0533 P
23.00 20.00 123, 133, 230,  14.50  139.0 29,770 4.%01 0,0538 :
30.00 85,00 133.  133. 230, 14,50 139.0 29.770 4.901 0,0533 i
25.00 40.00 133. 133, @30, 14.50  139.0 .29.770 4.901 0,0533 ;
40.00 45.00 133,  133. 230.  14.50  139,0 £9.770 4.901 0,0538 | -
45.00. 50,00 133,  133. 230,  14.50  139.0 29,770 4.901 0.0539 ;
50,00 53.00 133, 133 230, 14.50  133,0 29.770 4.901 ©,0533 1
55.00 60,00 133, 133, 230, 14,50  139.0 £3.770 4,301 0,0538
50.00 65.00 133,  133. 232, 14.50  139,1 £9.770 4.901 0.0536
li £5.00 70,00 133, 133, 2834,  14.50  139.2 29.770 4,901 0,053%
70.00 75.00 133. 133, 235, 14,50  129.3 29.770 4.901 90,0534
75,600 20,00 133. 133, 235, 14.50  139.3 22.770 4,901 0,0524
E0.00 £5.00 133, 133, 234, 14,50 139.2 23,770 4,501 0, 0835
E 25.00 %0.00 132, 132 232, 14.50  138.3 29,770 4.773 0.03537
FORM C7040  HAYFAC JET DUST SAMPLER TEST 5 DOUNSTREAM 11APR7S PAGE 6
04722775
l RISUM = 514,09%3 TOTAL ACTUAL SEMPLED VOLUME AT SAMPLER TEMP. AND PRESS.» ACF
QLSUM = 323.3407 TOTAL DRY GRS SAMPLED VOLUME AT 20 DEG.F AND 29,92 IN H3 i

NUASUM= 441.9593 TOTAL ACTUAL SAMPLED YDLUME AT DUCT TEMP. AND PRESS.

R A L S -




el oo Ll . . _ PR .

FORM £7040 NAVFAC JCT DUST SAMPLER TEST & UPSTREMAM 14APR?S PRBL.
04,22/73

TLST DATH

CONCENTRATION, DETERMINATION MADE USING A
FIVE INCH SAMPLER WITH A ONE-FOURTH INCH ORIFICE

CARRIER GAS! RAIR

TEST PADCS)

facx) N BN S O

PAD1  CT-3531 .

PAD2 i
- TOTAL FINAL PAD(SY WEIGHT 2.00440 GRAMS
J TOTAL INITIAL PRAD(S) WEIGHT  1.95010 GRAMS
: TOTAL PADS> WEIGHT GARIN 0.05430 GRAMS

BAROMETRIC PRESSURE ABSOLUTE 30.130 IN HG

[

P ] - v o - e o - ¢ s o o . i o g o s

—3

FOPM C7040 NAVFAC JEY DUST SRAMPLER TEST 6 UPSTRERM :4APP?% PRGE 2
04,22/73

- . ‘_i

TIMEL TIMEZ2 DUCT DB DUCT WB SAMPLER DB OPD SAMPLER WB PSAH PPWH DENS

IR

I 0.00 2.00 132. 132, 250. 5.50 139.4 30.130 4.773 0.0331
' 2.00 3.00 132, 132, 245, 5.50 133.1 30,3130 4.773 0.0334
' 3.00 10,00 132, 132. 240, 5.50 133.9 30.130 4.773 0.0538
o 10.00 11,00 132. 132.. 223, 5.40 133,82 30.130 4.772 0.0347
1 11.00 14,00 132. 132, 2335, 5.50 138.6 30.130 4,773 0.0342
14.00 22,00 132, 132. 240, . 9,50 133.9 30.130 4.773 0,0538 4
22.00 2%5.00 132. 132. &35, S5.%50 138.6 30.130 4.773 0,0542 P
25.00 30.00 132, 122, 230. S5.5%0 133.3 30,130 4.773 0.0546 ) 3
f 30,00 35.00 132. 132, 235, 5,50 133.6 30.130 4.773 0.0542 2
. 35.00. 45.00 132, 132, 240, 2.50 133.9 30,130 4.773 0.03538 :
' 45.00 65.00 132, 132, 2335. 5.50 133.6 30.120 4,773 0.0542
65.00 80,00 132. 132, 230, 5.50 133.3 30.130 4.773 0.0546
80.00 90.00 132, 132, 2395, 5.50 133.6 30.130 4.773 0.03542
FORM C?040 HNHAYFAC JET DUST SAMPLER TEST & UPSTREAM 14APR?S PRGE 3
04,822,753

N3SUM = 31%,.6220 TOTAL ACTUAL SHMPLED VOLUME AT SAMPLER TEMP. AND PRESS.» ACF
QDSLM m 202.7582 TOTAL DRY GAS YAMPLED VOLUME AT 70 DEG.F AND 29.92 IN HG
QDASUM= 268.5752 TOTAL ACTUAL SAMPLED YOLUME AT DUCT TEMP. AND FRESS.

PR WEIGHT GAINW = 0.0543 GRANS
COMC/ACF = 00,0027 GRAINS PER CUBIC FOOT AT SAMPLER CONDITIONS: GR/ACF

.. GONG/DGSCE . 0.0041 GRAINS PER CU FT OF DRY GAS NT 70 DEG.F AND.29.92 IN HG oD
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FORM C?7040 HNAYFAC JET DU3ST SAMPLER TEST ¢ DOWNSTREAM 14AFRTS PAGE 1
04,2379

TEST DATA

CONCENTRATION DETERMINATION MRDE USING A

FIVE INCH SAMPLER WITH A ONE-FDURTH INCH DRIFICE

e gl iy

CARRIER GAS: RIR

TEST PRAD(S)

PADL  (T-3530 . ' ; A
PAD2 N
bt
TOTAL FINAL PRDCS) WEIGHT 1.95040 GRAMS )
TOTAL INITIAL PAD(S) WEIGHT 1,94330 CRAMS :
TOTAL PADC(S) WEIBHT GAIN 0.00710 GRAMS .

EAROMETRIC PRESSURE ABSOLUTE 30.130 IN He

FORM C?7040 NAYFAC JET DUST SAMPLER TEST 6 DOWNSTRERAM 14APR73 PRGE 2
04,2375

oo 2 i amm 41 oM G T w0 G ) e e, T

Atz

fuat I

TIMEL TIME2 DUCT DB DUCT WB SAMPLER DE OPD SAMFLER WB PSAH PPUH DENS

1

0.00 5.00 133. 132, 250. 14,00 140.2 30.130 4.901 0.0530 -f =

5.00 10.00 133, 133. 240, 14,00 139.56 30.1%0 4.901 0.0537 . h

10.00 15.00 134, 134, 240. 1+.00 140.4 30.130 35.032 0.0535 D

T 15.00 20,00 134, 124,. 240, 14, 00 140.4 30.130 5.032 0.0536 - ;

12 B 20,00 25.00 134. 134, 242, 14,00 140.5 30.1390 5.032 0,053% i ;

25.00 30.00 134, 124, 242. 14.00 140.5 30.130 5.032 0,0335% B ¥

30.00 35.00 133, 134, 242, 14, Q0 140,55 30.130 5.032 0.0535 a0

1 35.09 40.00 134, 134, 242, 14, 00 140.5 30.130 S.032 0.0535 B :

g; 40.00 435,00 134, 124, 240, 14.00 140.4 30.§130 %.032 0.0536 G

45.00 50.00 134, 134, 249. 14,00 140.4 20,130 535.032 0.0536 N !

%50.00 5%5.00 134. 134. 233, 14,00 140.3 20.130 9S.032 0.0538 ;g j

55.00 60.00 13%. 139. 233, 14, 00 i41.1 30.130 9B.166 (.0537 o

g 60,00 635.00 135, 135, 240, 14,00 141.2 30.130 95,166 0.0535 § :
85.00 70.00 135, 135, 240. 14,00 141.2 30.130 9S5.166 0.0535 %

70.00 75,00 134. 134. 240. 14.00 140.4 29,130 5.032 0.0536 ?% :

y 75.00 80,00 134, 134, 242, 14.00 140.5 30.130 5,032 0,0535 g

g 20,00 29.00 139, 1235, o Yo 14,00 141.3 30.130 9S.165 0.095349 fé- b

] 35.00 90.00 135. 135. e42. 14,00 141.3 30.130 5.166 0.0534 = §

EE |

FORM C7040 HNAYFAC JET DUST SAMPLER TEST 6 DOWNSTRERM 14APR?S
04-,23/75

ASIUM = 506.4350 TOTAL ACTUAL SAMPLED VOLUME HY SAMPLER TEMP. AND PRESS.» ACF

aDsUM = 320.8162 TOTAL DR GAS SAMPLED YOLUME AT 70 DEG.F AND 29.92 IN HG

_QDASUM= 429,1976 TOTAL ACTURL. SAMPLED VOLUME AT DUCT TEMP. AND PRESS.
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04,23773

: I FORM C7040 MNAVFAC JET DUST SHMPLER TEST 7 UPSTREAM 14RPR?I Pride 1
i TEST DATAH

. CONCENTRATION DETERMINATION MADE USING A

e o o

' FIYE INHCH SAMPLER WITH A ONE~-FOURTH INCH ORIFICE

 rpti T,

CRRRIER GRSt AIR

TE3ST PAD(S)
PAD1 CT-529 . . ;
PAD2

TOTAL FINAL PADCS) WEIGHT 2. 02410 GRAMS

TOTAL INITIRL PAD(S)> WEIGHT 1,98650 GRAMS

TOTAL PADCYY WEIGHT GRIN 0.03760 GRAMS .
BAROMETRIC PRESSURE RBSOLUTE 29.980 IN HG -

I

R

t e ;
. FORM C7040 NAYFAC JET DUST SAMPLER TEST 7 UPSTREAM 14RAPR?S PHGE 2 é
li 04/23-75 .
i } 5
J{. ) -7 ) b -1
%;L ) TIMEL TIMEZ DUCT DB DUCT WR SAMPLER DB OPD SAMPLER WB PSRH  PPWH  DENS
. l‘. “ar“
AN 0.00 1.00 133, 133, 250, 5,50 140.2 29.930 4.901 0, 0527
S 1.60 3,00 133, 133. 240, S5.50 139.6 29,930 4,901 0,0534 =
2 : 3.00 6.00 133, 133. 235, S.S50 0 139.3 £29.930 4.901 0.0%533 2
o B~ 6.00 9,00 133, 133, 230, S.50  1372.0 29.%30 4,901 0,0542 B
A 2,00 15.00 133 133, 225, 5.50 133.8 29.930 4.901 0.0%546 ]
N 15.00 22.00 133, 133, 320, 5.50  133.,0 29.930 4.901 0, 0542
o i 22.00 &5.060 133, 133, 22s5. S.50 133.8 29.980 4.901 0, 0546
o vl 25.00 30.00 133, 133, 220. 5.50 132.0 29%.930 4.901 0.054%
Nk 30.00 S2.00 133, 133, 240G, 5,50 137.6 29.930 4.201 0.0534
ﬁj P e %2.00 5%5.00 133, 133, 235. 5.50 13%.3 29.930 4.901 0.0538
Hol 55.00 60.00  133. 133, 240. 5.50 13%.6 29.930 4.901 0.0534
(R
e e e i 410 o 0 30 et 1 e e S0 S S o 0 R P P P S L Y B A e e Y e S P ——
e &l
N A
i B
& g FORM C7040 HAYFRC JET DUST SAMPLER TEST 7 WPSTPERM 14RPR7S PAGE 3
i) »E; N4.-23/7%
1
1 & Q35UM = 211.0531 TOYAL RCTUAL SAMPLED YDLUME AT SAMPLER TEMP. AND PRESS.» ACF

RIIUM = 134.9075 TOTAL DRY HAS SAMPLED VOLWME AT 70 DEG.F AND £9.92 IN HG

ADASUM= 180, 0278 TOTAL ACTURL 3AMPLED VOLUME AT DUCT TEMP. AND PRESS.
FADR WEIGHT GRIN = 0. 0376 GRAMS
cONC/ACF a 0.0027 GRAINS PER CUBIC FOOT AT SAMPLER CONDITIONS, GR-NCF

'UHL/ GSCF = 0. 004? GRRINB PER CU FT UF DPY GAS AT 72 DEG.F AND 29.92. IN HG
S ' | C_FOOT AT DUCT CINDITIONS: GR/DUCT KEF _6’?<




FORM C?040 MHVFAC JET DUST SHMFLER TEST 7 DOWNSTREAN 148PR7S PAGE 4 |
04-23/7% ;

i
O TE3ST DATA 3

CONCENTRATION, DETERMINATION MALE USING A

1 !f FIVE INCH SAMPLER WITH R ONE-FOUKTH INCH ORIFICE ’ *
2 '
| CRRRIER GAS: AIR i )
A : g
A TEST PAD(S) Lo y
% I H b
NI PADL CT-528 . : g i
gl PAD2 ! ’ 2
g i i
21 TOTAL FINAL PADCS) WEIGHT 2. 01680 GRAMSI ' 3
NI TOTAL INITIAL PADCS) WEIGHT  2.01060 GRAMS '
b TOTAL PADCS> WEIGHT GAIN 0.00620 GRANS .
2 [ BAROMETRIC PRESSURE ABSOLUTE 29.990 IN HG I ‘
MIE B * * 1
8 | l i
; i g
i e’
1 T e e
BInE :
St 1
13 FORM C7040 NAVFAC JET DUST SAMPLER TEST 7 DOWNSTRERAM 14FPR?S PAGE 9 ¢
5 ;; 04,2375 ' ;
- : ‘ ' |
TIMEL TIMER DUCT DB DUCT WB SAMPLER DB OPD SRMPLER WB PSAH  PPWH  DENS f s
] l ? . 0.00 5.00 134, 134. 270. 14.00 142.0 29.930 5.032 0.0512 ; ;
P 5.00 10,00 134, 134, 220.  14.00 139.3 29.930 5.032 0.0549 \ !
e : 10.00 15.90 134, 134, 229.  14.00  139.3 29,930 5.032 0.054% !
N AR 15.00 20.00 134, 134, « 230,  14.00 139.8 29,930 5.032 0.0541 ' :
’ | 20.00 25,00 134, 134, 235. 14.00  140.1 29.930 5.032 0.0%37 ' ;
L 25.00 39.00 135, 135, 235. 14,00 140.9 £9.%30 5.166 0.0536 } P
30.00 35.00 134, 134, 235, 14.00 140.1 29.930 5.032 0,0537 i |
, 35.00 40,00 134, 134, 240.  14.00  140.4 29.930 5.032 0.0533% i ;
L 40.00 45.00 134, 134, E40, 14.00  140.4 29.230 5.032 0.0533 ;
[ 45.00 50.00 134, 134, 240, 14,00  140.4 29,930 5.032 0,9533 ' ;
50.00 S55.00 134, 134, 235. 14.00  140.1 £9.930 S5.032 0.0537 ! |
y 55.00 60,00 134, 134, 240. 14.00 140.4 29.930 5.032 0.0533 , '
i ' )
]
_________________ e e e e —— |
!
' t
>
FOPM C7040 NAVFAC JET DUST SAMPLER TEST 7 DUWNSTRERM 14AFR?S PAGE 6

l 04,23/75

RA33UM = 337.4626 TOTAL ACTUAL SAMPLED YOLUME AT SAMPLER TEMP. AND . RESS.s ACF
l GD3UM = 213,9525 TOTAL DRY GRS SAMPLED VOLUME AT 70 DEG.F AND 22.92 IN HG '
HDASUM= 237,7871 TOTAL ACTUAL SAMPLED YOLUME AT DUCT TEMP. AND PRESS.

—em -w eve

! PAD WEIGHT BAIN =  0.0062 GRAMS
R
CONC/ACF = 0,.0003 GRAINS PER CUBIC FOOT AT SAMPLER CONDITIONS» GR/ACF

CONC/DBGECF = 0.,0004 GRARINS PER CU FT OF DRY BAS AT 70 DEG.F AND 29.92 iN;HG

- - i L . D - B o L i e = . e s
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FURM C7040 NAVYFAHC JE! DUST SHIFLEN 1B D UM IRLIN aofirng 2 v a
04-23-73

i MNUMWWM[W

TEST DRTA

CONCENTRATION. DETERMINATION MADE USING A

AT A sl

FIVE INCH SAMPLER WITH A  ONE-FOURTH INCH ORIFICE

CARRIER GAS: RAIR

TEST PADCS)
PANL CT-527

-
& il ot ! y
o il Ul Al

PRD2
TOTAL FIMAL PAD(S) WEIGHT 2. 05620 GRAMS 5
TOTAL INITIAL PRDC(S> WEIGHT 2.04540 GRAMS T
TOTAL PADCSY WEIGHT GARIN 0.02030 GRAMS .

BAROMETRIC PRESSURE ABSOLUTE 29.990 IN HG B E

L IR

- -t o -

o

FORM C7040 NAYFAC JET DUST SAMPLER TEST 8 UPSTREAM 1SAPR?S FAGE 2
04,2375 ‘

L

TIMEL TIME2 OUCT DB DUCT WB SPRMPLER DB OPD SAMPLER WB PSAH PPWH DENS

ki 0.00 1.00 131. 121. 235. 5.50 137.2 292.5%0 4,